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Discussion/Decision 
1. Introduction

D2D study item was stopped in RAN plenary#63 with the following open issues captured in the Status Report [1]:

· Contents of discovery MAC PDU (Relevant only to discovery)

· Impact on cellular traffic

· Impact on other operator spectrum

· Lawful interception impact on RAN if any

· Potential impact on inter-eNodeB interfaces

· Comparison between LTE-based discovery and existing discovery technologies
It was agreed in RAN1#72bis that the metrics to be used for system level simulations on D2D would include the impact on WAN in terms of [2]:

· For D2D discovery: 

· Amount of resource used per cell if in-coverage. This shall be a system level metric
· FFS metrics related to throughput loss and/or interference

· For D2D communication:

· Change in cell throughput/cell spectral efficiency for full buffer traffic model. This shall be a system level metric.
· CDFs of perceived per-user throughput for FTP2 with and without D2D. This shall be a system level metric.

System simulation results for D2D discovery and communication were collected in the last meeting of the Study Item [3] to be included in the TR 36.843. The results evaluate the performance of D2D discovery (in terms of number of devices discovered) and communication (in terms of fraction of successful D2D VoIP links and number of successful D2D VoIP links per transmission) but do not quantify the impact on cellular traffic. 
The Work Item Description highlights that the impact of D2D on cellular traffic is still a critical aspect, to ensure that D2D specification would lead to products that could be deployed in operators networks and on their spectrum safely [4]:‘The impact of D2D on cellular traffic, spectrum and on the QoS of other services from the same operator should be studied and minimised. The specified solutions should enable device to device discovery and communication on the same or on different LTE carrier(s) than that used for WAN communication by the UE, for both FDD and TDD.’

2. Availability of radio resources for WAN communication 
2.1 – Dedicated resource pool for D2D
D2D discovery type 1 and D2D communication mode 2 imply distributed resource allocation, in which the transmitting D2D UEs autonomously select the resources within a pool of resources. This pool of resources is semi-statically configured. Since the D2D UEs transmit without the need of any grant, this resource pool is exclusively dedicated to D2D, and cannot be used for non-D2D UL cellular communication. To avoid shortage of resources for D2D, the resource pool should be over-dimensioned, leading to a waste of resources that would be used neither by D2D nor by cellular communication. Therefore, appropriate dimensioning of the resource pool is critical to minimize the cellular capacity loss.
For D2D communication VoIP mode 2, the number of subframes which would be (partially) used for D2D could be up to 20%-40% (see Table 1 in [5]). For D2D discovery type 1 transmission, the ratio of subframes (partially) used could be in the order of 1% [3]. This needs to be confirmed during the Work Item through system level simulations with aligned simulation platforms between different companies.
Note that these estimations do not take into account the working assumption agreed during RAN1#76 that the last symbol(s) of a D2D transmission can consist of a gap in order to avoid collisions between D2D subframes and non-D2D subframes. The size of the gap is FFS between 0.5, 1 or 2 symbols [2]. This leads to additional resource consumption for D2D, from 0.5/14 = 3.6% to 2/14 =14.3% of the total resources used for D2D. This overhead applies to both scheduled and distributed approaches.

Also note that the scheduled approach (D2D communication mode 1 and D2D discovery type 2a and 2b) that may enable a better utilisation of spectrum resources may imply higher signalling traffic than the distributed approach (D2D communication mode 2 and D2D discovery type 1). During the Study Item phase, there has been no clear conclusion on the amount of the signalling overhead for each approach.

2.2 – FDM between WAN and D2D from system perspective

No agreement on working assumption was reached on FDM between WAN and D2D from system perspective (in addition to TDM), despite of the way forward [6] in RAN1#76. Without FDM between WAN and D2D from system perspective, the estimation in [5] would mean that 20%-40% of the total spectrum resources would be exclusively dedicated to D2D communication, which would obviously lead to a high impact in terms of capacity for the WAN UL communications. WAN DL communications may also be impacted if the UEs cannot transmit ACK/NACK during D2D subframes. 
3. Cellular communication degradation due to D2D interference
At least the following aspects require further evaluation through system level simulation:

· Power control
No agreement has been reached during the Study Item phase on whether transmitter D2D UEs should be (open or close loop) power controlled, despite of several contributions proposing it to mitigate the in-band interference to PUCCH (WAN) [7] [8]. Assuming FDM between D2D and WAN from system-level perspective, the absence of power control in the UL is expected to create high intra-cell interference levels at the receiver of the eNB, in particular when transmit D2D UEs are close to the eNB. 
Inter-cell interference is also expected to increase if D2D transmissions use maximum transmit power.
· Cyclic Prefix length for D2D

From RAN1#76, the working assumption is that both normal CP and extended CP can be used for D2D and how the length of CP is set is FFS [2]. If FDM is allowed between D2D and cellular communication from system-level perspective, the orthogonality between subcarriers could be broken when the CP length is different for D2D and WAN. The impact, if any, should be clarified and addressed if necessary.
4. Conclusion

According to the D2D WID objectives and to the metrics on D2D impact on WAN captured in TR 36.843, this contribution proposes further system-level simulations, with the aim that RAN1 concludes on the impact of D2D on cellular communication for the different design options proposed during the Study Item phase.
Proposal1: RAN1 to agree that system-level simulations are needed to further assess the impact of D2D on WAN for the amount of available radio resources, intra-cell and inter-cell interference levels and potential throughput/spectral efficiency loss. This should be done prior to specification and in order to design necessary mitigation techniques in case of considerable impact on the network.
Proposal 2: For both D2D discovery and D2D communication, and following the methodology and the metrics captured in the TR 36.843, system-level simulations should evaluate and compare the impact on WAN, at least for the following design options:

· Distributed resource allocation (D2D communication mode 2, Discovery Type 1) versus scheduled approach (D2D communication mode 1, Discovery Type 2a/2b) 
· FDM between D2D and WAN communication (in addition to TDM) is allowed from system perspective versus when it is not
· Power control is implemented versus when it is not
· Same CP length for D2D and WAN versus different CP lengths
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