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1
Introduction
Last RAN1 meeting, we reached an agreement for the multiplexing between cellular link and D2D link as follows. [1]

Agreement

FDM shall not be used for multiplexing D2D signal and cellular signal from individual UE perspective on a given carrier

Although FDM is not allowed for D2D and cellular multiplexing for UE perspective, we do not have any restriction on system-level multiplexing. This contribution discusses the possible multiplexing schemes of WAN and D2D from system perspective.
2
Multiplexing between WAN and D2D
2.1 
Resource multiplexing of WAN and D2D

We agreed that D2D would use uplink band resource in FDD network. Figure 1 is showing the resource utilization for the D2D assuming general D2D scenario (inside network coverage). In this figure, we just assumed discovery signal for the D2D resource for simplicity. Considering in-band emission impact or potential desensitizing problem in eNB receiver, it is better to avoid FDM between D2D discovery and WAN transmission. However, if there is only D2D transmission in some subframes without any WAN data, DL HARQ operation does not work since there would be no HARQ feedback in corresponding subframes. Therefore, even during discovery duration, at least PUCCH should be transmitted for the legacy HARQ operation and possibly CSI and SR transmission. It means that FDM should not be prohibited from system perspective and at least resources for PUCCH should be reserved for subframes where D2D data exists.
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Figure 1: Resource multiplexing of WAN and D2D

Proposal

· From system perspective, FDM should be considered for multiplexing between WAN and D2D

· At least resources for PUCCH should be reserved for subframes where D2D exists
· FFS for FDM between WAN PUSCH and D2D

2.2 D2D
Impact to WAN

In considering the D2D method inside network coverage, concerns are often raised regarding that D2D may give impacts on current WAN communication. Therefore, it is commonly understood that D2D discovery should be designed to minimize the impact to WAN as much as possible. This section discusses D2D impact to WAN communication by the in-band emission of the discovery signals by providing some numerical analysis on how serious the impact is.
In-band emission
Through intense discussions on in-band emission for D2D, we have reached an agreement on its modeling as given in [1]. Assuming that FDM multiplexing is allowed for D2D and PUCCH (WAN), the in-band emission of D2D may give impacts to PUCCH receiving performance. Figure 2 is showing the case that D2D gives in-band emission impact to WAN. In the figure, the D2D UE in left side is very close to eNB. If this UE transmits discovery with a prefixed transmission power, the in-band emission of the discovery signal works as a big interference for the eNB to receive PUCCH from other cellular UEs. This is applicable whichever frequency resources the D2D UE uses, e.g., PRBs close to PUCCH or PRBs in middle of frequency band.
Since the transmission power for PUCCH is controlled by eNB by the current UL power control mechanism without knowledge of the interference by the in-band emission, it easily happens that eNB received power of PUCCH can be much lower than the interference by the in-band emission of D2D UEs. Therefore, PUCCH performance is not guaranteed in the subframes where D2D exists.
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Figure 2: In-band emission by D2D discovery and its impact to PUCCH

PUCCH performance impact by in-band emission
We evaluated the in-band emission impact on PUCCH to see how significant the impact is. Evaluation assumptions are attached in Annex A. Figure 3 is showing the SINR CDF for PUCCH resources which are FDM multiplexed with D2D discovery. The right curve is the PUCCH SINR CDF when there is no in-band emission from D2D discovery. When the in-band emission is assumed, PUCCH SINR CDF is shifted to left quite a lot. The shift is 10~20 dB in the 5-percentile range depending on the layout options. For layout option 3, PUCCH SINR does not go below -7.8 dB
 if in-band emission is not considered. However, almost 50% PUCCH SINR is lower than -7.8dB by applying in-band emission interference. Even in layout option 1, there are almost 15% PUCCH whose SINR is lower than -7.8 dB when in-band emission is assumed. 
Results show that if there is only inter-cell interference without in-band emission from D2D for PUCCH reception, the power control works well to have sufficient SINR and PUCCH performance is guaranteed. However, if the eNB experiences the interference by the in-band emission of D2D, PUCCH SINR gets dramatically decreased and the eNB cannot rely on the PUCCH reception. Therefore, DL HARQ does not work in the subframes which correspond to UL D2D subframes and CSI or SR cannot be transmitted correctly either in those UL subframes.

Based on the results, we are proposing that in-band-emission impact should be fully considered if we want to guarantee PUCCH performance which is multiplexed with D2D in the same subframe.
Observation

· PUCCH reception performance degrades much by considering in-band emission of D2D when they are FDM-ed from system perspective.

Proposal

· When FDM is used for D2D and WAN, in-band emission impact should be fully considered
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(a) Layout option 3                                (b)
 Layout option 1
Figure 3: CDF of PUCCH SINR
3
Conclusion

This contribution provides a multiplexing scheme for D2D and WAN from system perspective. Some observations and proposals based on the discussions and evaluation results are provided as follows. 
Observation

· PUCCH reception performance degrades much by considering in-band emission of D2D when PUCCH and D2D are FDM-ed from system perspective.

Proposal

· From system perspective, FDM should be considered for multiplexing between WAN and D2D

· At least resources for PUCCH should be reserved for subframes where D2D exists

· FFS for FDM between WAN PUSCH and D2D

· When FDM is used for D2D and WAN, in-band emission impact should be fully considered
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Annex 

A   Evaluation assumption
	Deployment scenario for the evaluation
	Urban Macro Scenario

	Layout
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Option 1: Urban macro (500m ISD) + 1 Indoor Hotzone per cell

Option 3: Urban macro (500m ISD) (all UEs outdoor) 

	Carrier frequency
	2.0GHz

	UE-to-UE

Path loss model
	Agreed assumption

	
	O2O
	PL_B1_tot = max(PLfreespace, PL_B1), where
· Winner+ B1 pathloss (PL_B1) with:

· hBS = hMS = 1.5m
· hBS’ = hMS’ = 0.8m

· LOS offset = 0 dB
· NLOS offset = -5 dB

	
	O2I
	LOS: PL_B1_tot(dout+din)+20.0+0.5(din
NLOS: PL_B1_tot(dout+din)+20.0+0.5(din-0.8(hMS,

where din for virtual indoor UE is 1.5m

	
	I2I (same building)
	LOS: PL = 16.9(log10(d) + 32.8 + 20(log10(fc)
NLOS: PL = 43.3(log10(d) + 11.5 + 20(log10(fc)

	
	I2I (different buildings)
	PL = 43.3(log10(d) +11.5 + 20(log10(fc) + 40

	
	LOS Probability
	PLOS=min(18/d,1)((1-exp(-d/36))+exp(-d/36) 

except I2I different building case

	UE-to-UE

Shadowing
	I2I (same building)
	LOS: 3 dB log-normal

NLOS: 4dB log-normal

	
	O2O, O2I
	7 dB log-normal

	
	I2I (different buildings)
	10 dB log-normal

	UE-to-eNB

Path loss & Shadowing
	As given in [4]

	Small scale fading
	Not applied

	UE Noise Figure
	9 dB

	eNB Noise Figure
	5 dB

	UE TX power
	23 dBm

	UE drop
	According to agreed assumptions [2]

	In-band Emission
	As agreed in [3]

	Network synchronization
	eNBs are synchronized each other


� -7.8 dB is the required SINR for PUCCH in normal LTE FDD system as given in [3].	
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