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1.
Introduction

At the RAN#63 plenary a new WI was agreed to study D2D co-existence.  One of the objectives of the WI specific to RAN4 is to “Define Tx and Rx RF requirements for the UE” [1]. This contribution discusses the impact of D2D in-band emissions on RF requirements. The issues related to D2D inband emissions scenarios were previously discussed in [2] and preliminary simulation results have been provided in [10].
2.
D2D Deployment Scenarios and Use Cases
As detailed in [2], there are 3 possible coverage scenarios for D2D communication as detailed below and illustrated in Figure 1.

-
In-network coverage. In this scenario all UEs communicating are under LTE coverage.

-
Out-of-network coverage. In this scenario no UEs communicating are under LTE coverage.

-
Partial coverage. In this scenario at least one UE communicating is under LTE coverage, and at least one UE communicating is not under LTE coverage. This corresponds to the UE-to-network relay priority defined in [2].
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Figure 1 – The defined coverage scenarios. From left to right: Partial (UE relay) coverage, In-network coverage, and Out-of-network coverage.

Furthermore, as discussed in [2] and [3] potential intra-frequency D2D interference can occur as co-channel interference - i.e. collisions between transmitted RBs within the system bandwidth, as well as interference from inband emissions from the transmitting RBs within the system bandwidth into RBs adjacent to those RBs being employed for the desired transmission. It was also shown that both inter-device and intra-device interference across a number of channels including PUCCH and PUSCH channels could occur. 
3.
D2D Inband Interference Scenarios
3.1 Inter-Device Interference

Figure 2 below illustrates inter-device scenarios that arise during D2D transmissions. In this example, two devices, A and B communicate via D2D communication in given subframes 2, 3 and 4 on the uplink (UL). In these subframes, the device B receives information from device A in a first set of RBs. Also during these subframes the Device C transmits to an eNodeB, in UL resources in the same system bandwidth as B is receiving D2D communication from A but in a second set of RBs. In this example, the second set of resources is a PUCCH transmission in subframe 2 and a PUSCH transmission in subframe 3.  
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Figure 2: Inter-Device interference scenarios: For Device B, D2D reception of data from Device A is interfered with by (1) PUCCH and (2) PUSCH transmissions from Device C communicating with an eNodeB. Due to in-band emissions, Device C will create a “high interference” area  where B is unable to decode data from B.   

Due to in-band emissions Device C will create a “high interference” area where B is possibly unable to decode data from A.   

This “high interference” area will be a function of:

· Device C transmit output power

· The path loss from device C to device B

· Device C RB allocation

· The receive power level of device B and the D2D RB allocation

· Device C inband emission levels at the frequency of the D2D RB allocation.

This inter-device interference scenario can clearly occur in both partial and full coverage scenarios
Since PUCCH transmissions in general are pre-assigned with a fixed periodicity, the PUCCH transmissions could potentially impact both the discovery and the communications phases of D2D. However with regard to PUSCH transmissions, the PUSCH transmissions of device C could be scheduled to avoid the discovery phase of the D2D transmissions, but likely not the D2D transmissions during the communications phase. 
3.2 Intra-Device Interference

Intra-Device interference is related to the case when a device A is transmitting simultaneously both to a nearby device B using D2D communication in a first set of resource blocks, and transmitting to a network (NW) node using a second set of RBs, as illustrated in Figure 3. An example scenario for this would be when a device A transmits a beacon signal and simultaneously transmits a PUCCH to the network node, but other scenarios may also exist. Note that the intra-device interference will be limited to full and partial coverage scenarios.
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Figure 3: Example of Intra-Device D2D interference. Device A is simultaneously transmitting to both a serving ENodeB and to Device B using in-band D2D communication. In case of a large TX power imbalance, say high TX power to the NW node, and low TX power to device B,  the inband emission originated from the NW node RBs may interfere with the RBs transmitted to device A. 

3.2.1   Power imbalance between channels

For the scenario described above, due possibly to independent power control loops, there may be a large power imbalance between the transmitted RBs to the network (NW) node and the RBs transmitted to device B. Assuming say high TX power to the NW node, and low TX power to device B, the inband emissions originated from the NW node RBs may interfere with the RBs transmitted to device A, possibly degrading the EVM on the transmitted D2D signal. Based the 3GPP inband UE emission specification in TS36.101 [7], the emission noise floor is -30 dBc relative to PSD for the transmitted resource blocks. Hence from a 3GPP requirement point of view this indicates that there will be a maximum acceptable TX imbalance, in the order of 20 dB. Therefore we believe this limit needs to be taken into consideration in the further system simulations.

4.0
Simulation Assumptions and Results

Some initial simulation results for the impact of D2D transmissions on legacy PUCCH transmissions has been provided in [10]. For reference the results are provided in Appendix A. From the SINR curves it can be seen that the impact of 3 D2D transmitters at a nominal transmit power of 23 dBm results in a degradation of PUCCH SINR by over 10 dB for 50%-tile and 5%-tile users and a corresponding  degradation of over 15 dB if the D2D transmitters employ a transmit power of 31 dBm. Based on these initial results it is proposed that RAN4 investigate a number of approaches to mitigate the impact of D2D inband emissions. Possible approaches include the use of guard bands, transmit power backoff, including MPR or A-MPR, power control as well as the modifying the ACLR and/or transmit emission mask of the D2D UE.  
Observation #1

· The presence of D2D inband emissions from 3 simultaneous D2D transmitters can degrade the SINR of PUCCH transmissions by over 10 dB. 
Possible approaches to mitigate the impacts of in-band emissions include the use of guard bands, transmit power backoff,  including MPR or A-MPR, power control as well as the modifying the ACLR and/or transmit emission mask of the D2D UE.  
Proposal #1: 
· RAN4 investigate a number of approaches to mitigate the impact of D2D inband emissions including the use of guard bands, transmit power backoff, including MPR or A-MPR, power control as well as the modifying the ACLR and/or transmit emission mask of the D2D UE.  
3
Conclusions
The following observations should be taken into consideration when studying the impact of D2D inband emissions on UE RF requirements.
Observation #1

· The presence of D2D inband emissions from 3 simultaneous D2D transmitters can degrade the SINR of PUCCH transmissions by over 10 dB. 
Proposal #1: 
· RAN4 investigate a number of approaches to mitigate the impact of D2D inband emissions including the use of guard bands, transmit power backoff, including MPR or A-MPR, power control as well as the modifying the ACLR and/or transmit emission mask of the D2D UE.  
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Appendix A: Preliminary Simulation Results for Impact of D2D Inband Emissions [10]
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Figure A1a. Inband emissions with 23 dBm UEs.





Figure A1b. Inband emissions with 31 dBm 
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Figure A2. SINR distributions for cellular UEs.
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