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1.
Introduction
D2D communications in cellular spectrum have the promising potential to allow for gains not achievable in networks using traditional infrastructure. D2D communications 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 communications 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 for extending coverage.

As part of the R12 SI D2D [1], it is essential to first define an applicable evaluation methodology and assumptions for D2D services prior to the evaluation of D2D discovery mechanisms for non-public safety use cases. While this includes aspects such as propagation characteristics and the choice of appropriate channel models, the selection of evaluation scenarios will first need to reflect fundamental assumptions and limitations of future commercial D2D implementations.

In the first part of this contribution, we discuss the choices that are possible for the D2D evaluation scenarios in terms of FDD/TDD, the use of either UL or DL radio resources for D2D discovery and direct data, and the impact of these choices onto interference modeling and simulation complexity. In the second part of this contribution, we then address some of the more detailed channel modeling and propagation aspects.

2
D2D evaluation methodology

FDD and TDD

D2D communications offer equal potential for paired (FDD) and for unpaired (TDD) cellular spectrum. It could be argued that from the UE perspective, the use of unpaired (TDD) spectrum for D2D discovery and direct data is more easily accessible due to the half-duplex RF front-end implementation inherent to non-CA capable LTE TDD UE’s. The use of paired (FDD) spectrum 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 direct data should be applicable in both LTE FDD and TDD mode.

Proposal 1:

The D2D evaluation methodology should include both LTE FDD and TDD based scenarios to support evaluation of D2D discovery and direct data solutions.

Use of UL or DL radio resources for D2D
One fundamental choice for the D2D evaluations is the assumption on the use of either UL or DL radio resources for D2D discovery and direct data. This choice is to a large extent simply determined by the commercial viability of 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 communications in the LTE network, i.e. discovery and direct data, by using either the DL or UL radio resources.

From the handset design perspective, it is easier to use the LTE UL frequency for D2D transmissions due to the reuse of the existing UL transceiver design, i.e. avoiding the need to implement separate Tx/Rx chains. For FDD, it is highly desirable to re-use the UL transceiver implementations and to multiplex the traditional UL transmissions (to the base station) and the D2D transmissions through a TDM half-duplex arrangement.

Another key design requirement to consider is the protection of existing LTE equipment 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.

Left aside regulatory aspects, if the 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 regular LTE UL or D2D UE transmitters and is therefore less affected by the introduction of D2D 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 DL-UL frame allocation or operate in absence of time synchronization.
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Figure 1: D2D interference when using DL (top) or UL (bottom) radio resources for D2D communications

For LTE TDD systems, UE transceiver design is inherently half-duplex based (at least for non-CA capable handsets), so unlike the FDD case, either DL or UL radio resources could be used for D2D communications. However, similar to fundamental assumptions made for the Un Relay design, it can be said that it is simply more practical using only UL subframes when considering the additional interference paths created by D2D transmitters and the additional UE RF filtering requirements resulting from introduction of D2D communications into LTE TDD networks.

In summary, both from the perspective of D2D capable UE’s reusing existing RF transceiver design, as well as for LTE network protection reasons when operating in presence of D2D UE’s, it is highly desirable to decide on the principle of reuse of UL transmission resources for D2D communications.

It is one consequence of this assumption that D2D evaluations will not need to account for additional interference paths, i.e. simultaneous modeling of UL and DL transmissions is not necessary.

Proposal 2:

The D2D evaluation methodology should assume the use of UL radio resources, i.e. UL subframes for D2D capable UE’s supporting discovery and direct data in LTE FDD and TDD networks.

Modeling of D2D discovery mechanisms
Generally speaking, D2D discovery techniques will rely on the transmission of some form of signature sequence or a known signal pattern during allocated D2D Tx opportunities in UL radio resources. A performance evaluation of D2D discovery techniques will need to compare transmissions of existing LTE signal structures or possibly new signaling sequences in terms of D2D multiplexing capacity, discovery range and probabilities for successful and missed acquisition. Subject to performance trade-off’s, the D2D discovery signals can occupy only several OFDM time-domain symbols (ex: SRS or PSS/SSS), or they can occupy one or more subframes (ex: RACH when discounting for guard periods).

While it can be expected that the performance trade-off’s for several D2D discovery candidate techniques will be assessed, it is important to agree on common principles in terms of UL radio resource usage.

For evaluation purposes, we suggest the assumption of using full UL subframes when transmitting D2D discovery signals. In fact, it can be said that a granularity of 1 UL subframe lends itself easily to eNB controlled resource allocation for D2D communications and TDM multiplexing with regular LTE UL transmissions. Furthermore, many if not all LTE UL transmission procedures such as UL Tx power control, UL HARQ and DL A/N procedures or link adaptation operate on a per-subframe basis. This is already indicative of the fact that it is significantly easier to develop features in support of D2D communications using a per-subframe allocation granularity.

We propose to evaluate D2D discovery mechanisms based on assumptions premised on RACH or SRS in existing LTE networks. Allocation of D2D transmission opportunities is under eNB control through configuration, i.e. cell-specific and semi-static RRC configuration. D2D transmission opportunities for D2D discovery signals occur in regular periodic intervals, ex: 1 UL subframe every 400 ms. Inter-cell interference coordination can be done in time-domain by allocation of distinct UL subframe sets for D2D communications in neighboring cells. To account for the possibility of muting of D2D transmission opportunities in neighboring cells, D2D transmission opportunities occur in a sequence of subframe n allocated over ND2D-BP consecutive frames, and this pattern repeating periodically every ND2D-PP frames.
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Figure 2: Modeling of D2D discovery using LTE FDD and TDD UL subframes

It is furthermore necessary to make an assumption regarding simultaneous transmission of UL signals in radio resources, i.e. UL subframe allocated to D2D communications. In order to best reflect fundamental UL transceiver design constraints, for evaluation purposes we suggest to assume that any D2D device that transmits a D2D discovery signal in a given UL subframe will not be able to simultaneously transmit any other UL signal (ex: PUCCH). However, due to the assumed presence of frequency guard intervals, other LTE UE’s can possibly transmit at least PUCCH to the eNB in the cell-edge regions of UL subframes in any subframe allocated as D2D transmission opportunity.

It is one consequence of these assumptions that the overhead incurred to the configuration of D2D transmission resources to transmit D2D discovery signals is deterministic in the sense that it corresponds to a fixed percentage of UL subframes used during the pattern repetition period.

Proposal 3:

The D2D evaluation methodology should assume the use of semi-statically RRC configured UL radio resources for transmission of D2D discovery signals.

Proposal 4:

A UE transmitting a D2D discovery signal cannot simultaneously transmit any other LTE signal in an UL subframe configured as D2D transmission opportunity. PUCCH transmissions from non-D2D UE’s are supported in UL subframes configured as D2D transmission opportunity.

3
Modeling of channel and propagation characteristics

The choice of evaluation scenarios for D2D communications, i.e. D2D discovery and direct data will need to distinguish between at least two important operational scenarios: outdoor versus indoor use cases.

We think that the applicability of currently established and widely used evaluation methodologies in 36.814 differs between these two scenarios, with significantly more work expected to develop an evaluation methodology for the indoor use cases.
Outdoor use cases for D2D communications should reflect the assumption of typical small urban LTE deployments and pedestrian speeds.

Generally speaking, UMi has been extensively used to evaluate performance of LTE networks with LPN’s. UMi for modeling of outdoor D2D communications provides an excellent starting point in terms of pathloss modeling, spatial scattering, LOS/NLOS probabilities and shadowing. However, given that communications range for D2D is expected to occur over typically much shorter distances, assumptions made for both LOS/NLOS probability and shadowing attenuations will need to be revisited. In particular, attenuation induced by the D2D UE transmitter due to handheld positions should be accounted for. Furthermore, the 36.814 user drop model and assumptions on indoor/outdoor distribution should be re-considered in order to allow for realistic assumptions on D2D user distributions in outdoor traffic hot zones where D2D communications are expected to provide most benefit.

Indoor use cases for D2D communications are significantly harder to capture, i.e. significantly more work is needed to allow for modeling of D2D communications. We recommend these to be of second priority when compared to the outdoor uses cases, and to start with the outdoor D2D evaluation scenario first.

For D2D evaluation purposes, we recommend to use UL UE 1 Tx and DL UE 2 Rx as assumption on typical antenna configuration to be expected for D2D communications. Similarly to re-visiting assumptions about handheld UL Tx attenuation, the UL antenna gain model for the transmitting D2D UE needs to be considered because existing 36.814 LPN antenna modelling assumptions with UMi cannot be applied as is. The eNB UL Rx should be evaluated for UL 2 Rx antenna configurations.

Proposal 5:

Define at least one outdoor (first priority) and one indoor scenario (second priority) for D2D evaluations. The outdoor D2D scenario should assume small urban LTE deployments and pedestrian speeds.
Proposal 6:

Take UMi as starting point for the D2D outdoor use case, but re-visit assumptions on LOS/NLOS probability, shadowing attenuations, user drop model and indoor/outdoor user distributions.

Proposal 7:

D2D evaluations should assume UE UL 1 Tx and UE DL 2 Rx antenna configurations. UL Tx antenna gain modeling for D2D UE’s needs to be re-considered.

4
Conclusions and Recommendations

In this contribution, we discuss the fundamental choices that are possible for the D2D evaluation scenarios in terms of FDD/TDD, the use of either UL or DL radio resources for D2D discovery and direct data, and some channel modeling and propagation aspects.

In summary,

Proposal 1:

The D2D evaluation methodology should include both LTE FDD and TDD based scenarios to support evaluation of D2D discovery and direct data solutions.

Proposal 2:

The D2D evaluation methodology should assume the use of UL radio resources, i.e. UL subframes for D2D capable UE’s supporting discovery and direct data in LTE FDD and TDD networks.

Proposal 3:

The D2D evaluation methodology should assume the use of semi-statically RRC configured UL radio resources for transmission of D2D discovery signals.

Proposal 4:

A UE transmitting a D2D discovery signal cannot simultaneously transmit any other LTE signal in an UL subframe configured as D2D transmission opportunity. PUCCH transmissions from non-D2D UE’s are supported in UL subframes configured as D2D transmission opportunity.

Proposal 5:

Define at least one outdoor (first priority) and one indoor scenario (second priority) for D2D evaluations. The outdoor D2D scenario should assume small urban LTE deployments and pedestrian speeds.
Proposal 6:

Take UMi as starting point for the D2D outdoor use case, but re-visit assumptions on LOS/NLOS probability, shadowing attenuations, user drop model and indoor/outdoor user distributions.

Proposal 7:

D2D evaluations should assume UE UL 1 Tx and UE DL 2 Rx antenna configurations. UL Tx antenna gain modeling for D2D UE’s needs to be re-considered.
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