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1 Introduction

This contribution addresses modelling of spurious interference emissions as an input to the D2D evaluation methodology to be agreed for the D2D SI:

· Define an evaluation methodology and channel models for LTE device-to-device proximity services, including scenarios to compare different technical options to realize proximal device discovery and communication, appropriate performance metrics, and performance targets (e.g. range, throughput, number of UEs supported). [RAN1]

An overview and first assessment of the problem is provided and the need for spurious interference modelling in D2D evaluations is motivated. A simple model based on current RAN4 specifications is provided.

2 Background
An interesting option for Device-to-Device (D2D) communication for LTE is to operate direct communication in the same radio spectrum as ordinary cellular network (NW) communication (in-band D2D). An option of particular interest is to exploit at least a subset of the UL resources (e.g., UL spectrum in FDD and UL subframes in TDD) for D2D. Exploiting UL spectrum for D2D has clear advantages at least in terms of complexity, device cost, specifications impact and from an interference control perspective. 
However, an aspect to be considered is that typical UEs emission masks are far from ideal and spurious emissions are produced outside the nominal transmission bandwidth. Such in-band emissions are due to non-linarites in the transmitter, especially the power amplifier, and are regulated for LTE by 3GPP requirements specified on such in-band emissions [1]. Table 1 summarizes such requirements. As can be seen the in-band emission is defined as an in-band spectrum mask the device need to fulfill.

A number of interference cases are discussed in Section 3, including inter-device and intra-device interference.
Assuming shared subframes between NW operations and D2D, directly communicating devices might be interfered by UL transmission from nearby devices communication with the NW node in the same sub frame. The dominating interference may be in-band emission.  
Even though the focus of this paper is on D2D operations within the UL spectrum, it should be noted that similar issues appear also in case DL spectrum/subframes are used for D2D, in which case UE cellular reception is affected by D2D in-band emissions.

Table 1: In-band Emission requirement according to Rel-11, TS36.101, Section 6.5.2.3 [1].
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The spectrum mask defined for in-band emission will set performance requirements on the D2D communication and affect the system design in terms of how close a device, receiving D2D data form another device, can be to a third device transmitting at high power to a NW node.  In this paper we investigate the impact on such inter-device interference on D2D communication based on current 3GPP in-band emission requirements.

3 Some Interference Scenarios
3.1 Inter-Device Interference

Figure 1 below summarizes some of the inter-device scenarios that may arise depending on the agreed D2D design and that are analyzed in this paper. Two devices, A and B communicate via D2D communication using NW UL resources. Especially in a sub frame, say T, the device B receives information from device A in a first set of RBs. Also at sub frame T, the Device C transmit to a NW node, in UL resources in the same system bandwidth as B is receiving D2D communication from A but in a second set of RBs. The second set of resources may be a PUCCH or PUSCH transmission. 


[image: image2]
Figure 1: Inter-Device interference scenarios studied in this paper.  The Device B, D2D reception of data from Device A is interfered by (1) PUCCH and (2) PUSCH  from Device C communicating with an eNode b. Due to in-band emission, the Device C will create a “high interference” area  where B is unable to decode data from B.   

Due to in-band emission, the Device C will create a “high interference” area where B is possibly unable to decode data from A.   
The “high interference” area will be a function of:
· Device C TX output power

· The Path loss from Device C -> Device B

· Device C RB allocation

· Device B RX level and D2D RB allocation

· Device C inband emission level at D2D RB allocation.

In the below subsections we have investigated the “high interference areas” for different TX powers (22, 10 and 0 dBm) and RB allocations for Device C (PUCCH respective a 20 RBs PUSCH transmission) as well as different assumed D2D RX level (which defines the D2D coverage area) and path loss models assuming a 20 MHz LTE system.

3.1.1 Interference from PUCCH transmission

In this section we assume the Device C transmit a PUCCH to the NW node. We define the “high interference” area as the distance where in-band emission according to 3GPP requirements is 3 dB below the Device B RX level of data from Device A (i.e. reception at SNR=3 dB). We further assume two different RX levels, Ref Sense + 14 dB (corresponding to -100 dBm/180 kHz) and Ref Sense+44 dB (corresponding to 70 dBm/180 kHz).

Since the path loss models for D2D are still under discussion in RAN1, we consider two different models in this evaluation, one for LoS and another one for NLoS.

LoS case

In this section we assume a simple line-of-sight path loss model PL(d)= -40-20log10(d) that might be applicable for instance to LoS scenarios.  
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Figure 2: D2D “High interference Zone” distance (in meters) from C, PUCCH transmission: Device B, RX level = -100 dBm/180 kHz (A) / -70 dBm/180 kHz (B).  Path loss model PL(d)= -40-20log10(d).

Figure 2 show that in case of LoS between Device C and B, and assuming Device C just fulfill the 3GPP in-band emission requirements, the high interference areas radius is very large, several hundreds of meters if Device C is transmitting at max TX power, if we allow for an D2D RX level of -100 dBm/180 kHz. Even for low TX powers (0 dBm) the “high interference” radius is in the range of 50 meters. 

Increasing the D2D RX level to -70 dBm/180 kHz (implying a significantly shorter D2D communication coverage) the D2D high interference areas are smaller, however still in the range of 15 meters for high Device C TX power.

Non-LoS case
Here we assume a simple (non-line of sight) path loss model (PL(d)= -40-35log10(d)) applicable for instance to indoor scenarios.
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Figure 3: D2D “High interference” areas radius (in meters) from C, PUCCH transmission: Device B, RX level = -100 dBm/180 kHz (A) / -70 dBm/180 kHz (B).  Path loss model PL(d)= -40-35log10(d).

Figure 3 show that assuming a higher path loss between Device C and B, and assuming Device C just fulfill the 3GPP in-band emission requirements, the high interference zones are significantly reduced compared to the LoS case, however, still in the order of 40 m for high TX power and 10 m for low TX power, regardless of D2D RB allocation (outside the DC carrier and IQ imbalance (w.r.t Device C transmission) RBs). Increasing the D2D RX level to -70 dBm/180 kHz  (implying a significantly shorter D2D communication  coverage) the D2D high interference areas are much smaller, 5 meters radius for max Device C TX power and around 1 meter @ 0 dBm TX power.
3.1.2 Interference from PUSCH transmission

In this section we assume the Device C transmit a 20 RBs PUSCH to the NW node, the PUSCH allocated at the edge of the system bandwidth. As in the PUCCH section, we define the “high interference” area as the distance where in-band emission according to 3GPP requirements is 3 dB below the Device B RX level of data from Device A (i.e. reception at SNR=3 dB). We further assume two different RX levels, Ref Sense + 14 dB (corresponding to -100 dBm/180 kHz) and Ref Sense+44 dB (corresponding to 70 dBm/180 kHz).

LoS Case

In this section we assume a simple line-of-sight path loss model (PL= -40-20log10(d)) that might be applicable for instance to outdoor scenarios.  
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Figure 4: D2D “High interference” distance (in meters) from C, 20 RBs PUSCH transmission: Device B, RX level = -100 dBm/180 kHz (A) / -70 dBm/180 kHz (B).  Path loss model PL(d)= -40-20log10(d).

Figure 4 show that in case of LoS between Device C and B, and assuming Device C just fulfill the 3GPP in-band emission requirements, the high interference zones are huge, several hundreds of meters if Device C is transmitting at max TX power, if we allow for an D2D RX level of -100 dBm/180 kHz. Even for low TX powers (0 dBm) the “high interference zones” are in the range of 20-30 meters. As also can be noted, the high interference areas are much more RB dependent compared to the PUCCH (single RB case) due to that the spectrum mask shape is dependent on the number of allocated RBs, see Table 1. 

Increasing the D2D RX level to -70 dBm/180 kHz  (implying a significantly shorter D2D communication  coverage) the D2D high interference areas are smaller, however still in the range of 5-15 meters (depending on D2D RB allocation) for high Device C TX power.

Non-LoS Case
Here we assume a simple (non-line of sight) path loss model (PL=-40-35log10(d)) applicable for instance to indoor scenarios.
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Figure 5: D2D “High interference Zone” distance (in meters) from C, 20 RBs PUSCH transmission: Device B, RX level = -100 dBm/180 kHz (A) / -70 dBm/180 kHz (B).  Path loss model PL(d)= -40-35log10(d).

Figure 5 show that assuming a higher path loss between Device C and B, and assuming Device C just fulfill the 3GPP in-band emission requirements, the high interference zones are significantly reduced compared to the LoS case, however, still in the order of 15-30 m for high TX power and 5-10 m for low TX power, depending on the D2D RB allocation (outside the DC carrier and IQ imbalance (w.r.t Device C transmission) RBs). Increasing the D2D RX level to -70 dBm/180 kHz  (implying a significantly shorter D2D communication  coverage) the D2D high interferences are much smaller, 2-5 meters for max Device C TX power and around 0-5.1 meter @ 0 dBm TX power.

Observation: 

· The potential effect of inband emissions of NW communication on D2D is not negligible
Proposal: 

Explicitly model inband emissions for inter-device in-band interference
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 NW node using a second set of RBs, see Figure 6. An example scenario for this is when a device A transmit a beacon signal and simultaneously transmit a PUCCH to the NW node, but also other scenario may exist.

[image: image11]
Figure 6: Example on Intra-Device. The device A is simultaneously transmitting to both the NW node and to Device B using in-band D2D communication. In case of 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

Due to possibly independent power control loops, there might be a large power imbalance between the transmitted RBs to the 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 introducing EVM on the transmitted D2D signal. Again referring to Table 1 as well as the 3GPP inband emission specification [1], the emission noise floor is -30 dBc relative to PSD for the transmitted resource blocks. Hence form 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.

3.2.2 Simultaneous transmission/reception

Another possible scenario is that devices simultaneously transmit to the NW node (for instance a PUCCH) in a first set of RBs and at the same time monitor for a beacon signal transmitted from another device in a second set of RBs in the same system bandwidth. In this case the interference scenario (due to inband emission) might be too high for a device with reasonable cost, and we propose that such a scenario should not be assumed.  

Proposal: 

· Explicitly model inband emissions for intra-device interference 
· Alternatively, limit the maximum PSD imbalance between UL channels to 20dB

· Simultaneous transmission and reception in the same subframe is not supported

4 Proposed modelling

It is recommended that D2D system level simulations and selected link simulations where in-band emissions may be of interest adopt the LTE in-band model from Table 1.
Proposal: 

· In-band emissions should be modeled according to Table 1
5 Conclusions

From the study above, we can conclude that device fulfilling the 3GPP in-band emission create significantly large interference for D2D communication. Therefore, this study indicates a need for taking this problem into consideration in the further evaluation of D2D in LTE.
Observation: 

· The potential effects of inband emissions of NW communication on D2D is not negligible
Proposals: 

· Explicitly model inband emissions for inter-device in-band interference 
· Explicitly model inband emissions for intra-device interference 
· Alternatively, limit the maximum PSD imbalance between UL channels to 20dB

· Simultaneous transmission and reception in the same subframe is not supported

· In-band emissions should be modeled according to Table 1
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