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1 Introduction
The objective of this feasibility study is to evaluate LTE device-to-device proximity services and for RAN4 in particular to consider terminal and spectrum specific aspects, e.g. battery impact and requirements deriving from direct device-to-device discovery and communication [RAN4] 

With direct communications (D2D) there are two aspects that need to be considered; 

· Impact of in-band interference to other users within the operating channel bandwidth
· Impact of OOB interference to adjacent services 

In this contribution we look at some of the issues related to OOB interference to adjacent services 
2 Discussion 

Out of band emissions are unwanted emissions immediately outside the nominal channel resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. The Out Of Band (OOB) emission limit is specified in terms of a spectrum emission mask and Adjacent Channel Leakage power Ratio.  In the LTE specifications the SEM mask is used to address regulatory requirements and that the ALCR is used to address co-existence scenarios 

D2D could be supported in commercial networks. In this case the performance of D2D may have a different impact on required OOB emission performance (and also in for the band interference case)
2.1
D2D co-existence scenarios 

Simplex or “talk around” operation of radios is useful to ensure communication when radios are not able to connect to the network, or to move traffic off of the network in situations where large number of users need to communicate over a small area (incident scene) but within network coverage, or in the case when network coverage is inadequate, or when the network is inoperable due to a natural disaster or other large scale incident. These D2D scenarios are captured below in Figure 1.  
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Figure 1: D2D co-existence / network scenarios
These network scenarios could be used to analysis the impact of OOB emission for D2D communication. D2D OOB interference to the adjacent services is obviously only critical in the case where there is an adjacent network. For example, D2D service is provided on network B which is adjacent in frequency to network A.   Hence, if D2D service is enabled due to lack of coverage on network B in a geographical area served by network A then this would be seen as interference to network A and will impact network A’s throughput and coverage. 
Since the coverage of different operators varies from geographical region to geographical region it is import to consider the 3 different scenarios to address this issue particularly in the case of legacy LTE throughput being impacted by D2D usage in the adjacent spectrum 
Proposal 1: Consider within network coverage, partial network coverage and out of network coverage 

2.2
D2D user density   

In the case of PS, a survey conducted jointly by Motorola Solutions and active public safety professionals in the US has shown that in a typical incident scene there could be as many as 62 public safety personnel in two square city blocks (around 100m by 200m).  These incidents can happen several times a month in a typical urban area and hence are not a rare occasion. These sorts of sudden increase in PS  user density can occur in any part of the PS cell.   Analysis of these narrow band PS  D2D scenarios show two main user cases for D2D deployment 
1) No in-building incident scene:

a. 10% or less of the devices at the incident scenario doing talk-around 

b. Poisson arrivals are low

c. Arrivals uniformly distributed geographically over coverage area.
However, this usage pattern is based on the availability of narrow band PS network coverage overlay. In the absence of LTE coverage the number of LTE D2D devices would be higher and would be similar to the case of the in-building scenario.  For example in terms of a traffic incident, one regulator revealed that 35 per cent of the main roads were served by all the major 3G networks but nearly 10 per cent of the 30,000 miles of major roads have no service whatsoever.
2) In-building incident scene:

a. At least 50% of PS device doing talk-around (upwards of 90% aren’t uncommon) at the incident location
b. Poisson arrivals high;

c. Arrivals densely distributed geographically about the incident scene i.e. 1-3 blocks
The in-building scenario is a key usage where LTE network coverage is deficient or where an adequate communications signal is blocked or shielded. In the case of D2D in commercial network, the users that are using D2D communications can be evenly distributed across the network. For aggressor systems with 100% UE doing D2D communications, the interference to the victim system would be significantly different than if the D2D user percentage is small.
Proposal 2: Both high & non-uniformly distributed and low & uniformly distributed D2D user density should be considered 
Proposal 3: Percentage of users doing D2D communications: 100%, 50% and 10%
2.3
D2D power control 
Based on the studies captured in [1] the performance of the UL power control algorithm has a large impact on the co-existence performance and LTE system throughput. 

Currently RAN1 has not specified the power control behaviour for D2D and the consequent interference to adjacent channel/operator. For the initial coexistence study, it is assumed that D2D communications using maximum transmit power. This can be refined if RAN1 adopt a power control mechanism for D2D
Proposal 4: Assuming full transmit power with D2D communications 
2.4
D2D RB allocation and location   

When a UE is doing D2D communication with its maximum power, the OOBE to the adjacent system depends on the frequency offset between the D2D spectrum and the adjacent system spectrum. In [1], the UE ACLR improves from 30dB to 43dB if the frequency offset is at least 4RBs. If we allocate RB to D2D communications in certain locations (e.g. in the middle of the channel), the interference to adjacent system can be reduced, however the impact of in-band interference could be worse. So it is proposed to look at the scenarios of both RB allocation for D2D communication is over the full channel bandwidth, and at restricted areas. 
Proposal 5: Consider D2D communications are allocated both over full channel bandwidth and at restricted areas
3 Way forward
To progress the work we need to agree on the following assumptions:
Proposal 1: Consider within network coverage, partial network coverage and out of network coverage 

Proposal 2: Both high & non-uniformly distributed and low & uniformly distributed D2D user density should be considered 

Proposal 3: Percentage of users doing D2D communications: 100%, 50% and 10%
Proposal 4: Assuming full transmit power with D2D communications 
Proposal 5: Consider D2D communications are allocated both over full channel bandwidth and a restricted location 
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