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Discussion
1.
Introduction
In this contribution, we first discuss the choice of possible D2D evaluation scenarios in order to cover both PS and commercial D2D requirements. We then provide recommendations with respect to the prioritization of evaluations for the SI, i.e. aspects such as D2D discovery vs. D2D direct communications, and under network coverage vs. out-of-coverage. We then address detailed modeling aspects for the identified system level evaluation scenarios, including indoor/outdoor modeling, user distribution and drop model and channel modeling.

2
General considerations
The D2D SI [1] solicits evaluations for both D2D discovery and D2D direct communications. While both are necessary components for LTE based D2D proximity services, we think that evaluation of D2D discovery mechanisms should be prioritized at least during the initial stages of the SI. This is motivated twofold.

Firstly, it can be said the D2D discovery is a prerequisite to D2D direct communications as part of the connection establishment procedures. Secondly, it is one immediate objective of the SI to quantify the advantages and performance benefits of D2D discovery mechanisms using UE signal transmission over network based discovery mechanisms that can be mostly transparent for handsets.
Recommendation 1

RAN1 should start with the evaluation of D2D discovery mechanisms and evaluate D2D direct communications in a second phase.

Another aspect to consider is how to prioritize evaluations for D2D services for ProSe scenarios under LTE network coverage vs. out-of-coverage. 

We think that evaluations of D2D discovery mechanisms during the SI can in a first step simply be based on the assumption of LTE network coverage, i.e. there is no immediate reason to distinguish between in-coverage vs. out-of-coverage scenarios. Clearly, evaluations of D2D direct communications will result in modelling of interference paths that are characteristic of out-of-coverage and unmanaged deployments of communication nodes. Modelling of D2D discovery signals will likely rely on the transmission of some form of signature sequence or a known signal pattern during allocated D2D Tx opportunities including measurements that are reported on these. 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 acquisition probabilities. However, both for the case of network coverage and without network coverage, transmission of such D2D discovery signals will be realized using a small subset of available D2D transmission resources only. In consequence, interference paths and modeling considerations for evaluation purposes can be much simplified compared to the D2D direct communications.

Recommendation 2
RAN1 should conduct evaluations for D2D discovery using the assumption that LTE network coverage is available.
The modelling of D2D discovery and direct communications will need to be conducted both at link-level and at system-level. For the former, the choice of representative channel models and receiver modelling assumptions are important. For the latter, down selection to a manageable subset of evaluation scenarios and adjusting channel modelling characteristics to handheld D2D transmitters are most critical.
It is important to make assumptions regarding the use of LTE transmission resources for the purpose of simplifying D2D evaluations at system-level. In particular, the complexity for modeling of signaling and interference paths for D2D transmitters is greatly increased if both DL and UL interference paths need to be accounted for.

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.

We think that from the perspective of reusing existing RF transceiver designs for UE implementations and to protect the existing LTE network providing coverage, it is highly desirable to decide on the principle of reuse of UL transmission resources for D2D communications for evaluation purposes.

Recommendation 3:

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 communications.

3
Link-level modeling for D2D
For the purpose of link level evaluations, we suggest to simply consider both EPA3 and ETU70. This choice is motivated by the fact that D2D discovery and direct communications in many cases will take place at typical pedestrian speeds, and that in particular for the urban macro environments. The inclusion of at least one second, more challenging channel type is recommended in particular to assess link robustness for public-safety use cases.
D2D transmitters should be modelled by assuming typical UE 1Tx and UE 2Rx antenna configurations as baseline. This choice is reflective of the fact that single antenna Tx path configurations are expected to be relevant in practice. 

While not precluding the possibility to include advanced receiver structures into link-level evaluations, MMSE should be used as baseline. However, we think that advanced receiver structures may be of relevance for D2D discovery signal processing, in particular when new discovery signal sequences are to be evaluated.

Recommendation 4:

RAN1 should consider EPA3 and ETU70, MMSE receiver, and 1Tx/2Rx antenna configurations for D2D link-level evaluations (where applicable).

4
System-level evaluation scenarios for D2D
The choice of system-level evaluation scenarios for D2D discovery and direct communications will need to reflect the characteristics of a variety of anticipated ProSe use cases. While it is hardly possible in terms of evaluation efforts to conduct separate system-level evaluations for each of them, we recommend evaluating the performance of D2D discovery and direct communications mechanisms in only 2 well-defined operational scenarios
D2D Scenario A is an urban macro cell scenario characterized by high user densities with both indoor and outdoor UE’s. D2D Scenario B is a suburban-type macro cell scenario characterized by modest user densities and users placed outdoors.
For D2D evaluation scenario A, we suggest to re-use the user distribution model from SCE Scenario 2b (ITU hotspot). When discounting for the presence of the small cell nodes on 3.5 GHz, only presence of the macro cell layer at 2 GHz is assumed for the purpose of D2D system-level simulations. The percentages of users and the drop model for assigning these indoor and outdoor UE’s would follow those of SCE Scenario 2b. For D2D evaluation scenario B, a uniform user drop model is proposed. All users are located outdoors moving at vehicular speeds.

For the proposed D2D Scenario A with high-user densities and both indoor and outdoor users, we suggest basing channel modeling on ITU InH and UMa following the principles and suggested modifications from SCE Scenario #2b. For the outdoor D2D Scenario B and extensive modeling for O2O signal and interference paths, we rather suggest considering the more suitable ITU-R R.1411-6 model.
The key characteristics of the proposed two D2D evaluation scenarios A and B are summarized in Table 1.
5
Conclusions and Recommendations

In summary, we propose:
Recommendation 1

RAN1 should start with the evaluation of D2D discovery mechanisms and evaluate D2D direct communications in a second phase.

Recommendation 2
RAN1 should conduct evaluations for D2D discovery using the assumption that LTE network coverage is available.
Recommendation 3:

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 communications.

Recommendation 4:

RAN1 should consider EPA3 and ETU70, MMSE receiver, and 1Tx/2Rx antenna configurations for D2D link-level evaluations (where applicable).

Table 1: Key characteristics for proposed D2D evaluation scenarios

	
	D2D Scenario A (outdoor)
	D2D Scenario B (indoor)

	Layout
	Urban Macro (ISD 500m)
	Suburban Macro (ISD 1299m)

	System bandwidth
	10 MHz
	10 MHz

	Carrier frequency and duplex
	2 GHz FDD
	700 MHz FDD

	User drop model
	Following SCE Scenario 2b (ITU)
	Uniform, all users outdoors

	Pathloss modeling
	Following principles of SCE Scenario #2b (ITU InH and UMa)
	ITU-R P.1411-6 (p=50)
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