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1
Introduction
In RAN1 #76bis meeting, the following agreements were made with regards to cellular impact by D2D discovery.
Agreement

· The following work plan is proposed for RAN1:
· Companies are invited provide results on cellular impact by discovery and/or communication D2D in RAN1#77 

· Discovery and communication should be evaluated separately

· Simulations assumptions according to TR 36.843

· Focus on VoIP traffic model for D2D PS communication

· In addition to metrics related to D2D performance (as in TR 36.843, section 10), the following metrics related to impact on cellular can be provided :

· Mandatory performance metrics are those agreed in the TR, with and without D2D, with and without the potential solutions

· Additionally, companies may provide other results (e.g., PUCCH BLER), with and without D2D, with and without the potential solutions

· Discuss solutions at RAN1#77 and specify them in case of standard impact
· Companies are invited to discuss remaining simulation parameters that need to be harmonized to provide meaningful results.
In this contribution, we provide evaluation results of D2D discovery impact on WAN in terms of downlink throughput.
2
D2D discovery impact on WAN
This section discusses D2D impact on WAN communication by the in-band emission of the discovery signals. Assuming that FDM is allowed for D2D and PUCCH (WAN), the in-band emission of D2D makes an impact on PUCCH receiving performance. Figure 2 is showing the case that D2D gives in-band emission impact to WAN. In this 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 severe 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 the eNB by the current UL power control mechanism without knowledge of the interference by the in-band emission, it easily happens that received power of PUCCH in the eNB side 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. Therefore, to mitigate D2D discovery impacts on WAN various solutions (e.g. guard band, power control, resource grouping, etc.) are introduced and compared its PUCCH performance in the companion contribution [6]. In the next section, we evaluate the D2D discovery impact on WAN in terms of downlink throughput for cellular UEs.
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Figure 2: D2D discovery impact on PUCCH
3
Performance evaluation
In order to evaluate the D2D discovery impact on WAN, 5%, 50%, 95%, and average downlink user perceived throughput (UPT) for WAN UEs are evaluated with and without the presence of discovery, respectively. For both layout option 1 and option 3 are simulated. For the discovery, contiguous 64 subframes of PUSCH resources are used for every 10 seconds as agreed in [5]. In addition to the agreed period, additional discovery periods (i.e. 1 and 5 seconds) are also evaluated to compare the WAN impact according to different discovery periods. There are 25 active UEs per cell have cellular traffic in downlink according to FTP2 traffic model. Note that UEs with cellular traffic do not participate in discovery. For other UEs involved in D2D discovery, random resource selection is used for discovery. Other simulation assumptions for WAN UEs are summarized in Table 1.
Table 1: Simulation assumptions for WAN
	Parameter
	Value

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

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

	Carrier frequency
	2.0GHz

	Bandwidth
	6 PRBs for PUCCH

44 PRBs for discovery

	Downlink transmit power
	46 dBm

	eNB-to-UE Channel
	ITU-UMa

	Antenna configuration
	2Tx, 2Rx in DL, cross-polarized

	Feedback assumption
	CSI feedback delay : 6ms

CSI feedback periodicity : 10ms

	Overhead
	PDCCH (2 symbols), DMRS (12 REs per PRB), CRS (2 port)

	Cellular traffic model
	FTP 2 (0.5 Mbytes file size)

	In-band emission
	[0,0,0,0] as agreed in [5]

	Network synchronization
	eNBs are synchronized each other

	Resource utilization
	60%


As shown in [6], without any solutions to mitigate in-band emission interference from D2D discovery, roughly 25% and 50% of PUCCH SINR are lower than -7.8dB for the layout option 1 and option 3, respectively. Since -7.8 dB is the required SINR for PUCCH in normal LTE FDD system as given in [3], PUCCH SINR which is lower than that value results in errors in ACK/NACK feedback. By ACK to NACK error, unnecessary packet retransmission could be made by the eNB even though the packet is already decoded successfully at the UE side. On the other hand, there could be possible packet losses without sufficient HARQ retransmissions by experiencing NACK to ACK error. These kinds of impacts by ACK/NACK errors could be reflected in the DL system throughputs.
For the DL throughput evaluation, we evaluated downlink UPT performance comparing cases with and without D2D discovery. In Table 2, 5%, 50%, 95%, and average UPT gains are summarized.
Table 2 : UPT gain over non-D2D discovery
	Layout
	Discovery period (s)
	5% UPT
	50% UPT
	95% UPT
	Average UPT

	Option 1
	1
	-5.05%
	-1.10%
	-3.50%
	-2.19%

	
	5
	-2.53%
	-0.30%
	-1.37%
	-0.21%

	
	10
	-2.02%
	-0.10%
	-0.39%
	-0.14%

	Option 3
	1
	-8.97%
	-9.66%
	-4.48%
	-6.02%

	
	5
	-2.24%
	-2.79%
	-1.19%
	-1.44%

	
	10
	-1.79%
	-2.04%
	-0.75%
	-0.84%


If we see the results in Table 2, throughput losses are observed for all cases due to uncontrolled D2D discovery. When the discovery period is very long, e.g. discovery per every 10 seconds, the throughput loss seems to be marginal. Since only the small fraction of resources is used for discovery (i.e. 0.64% resources), it would be easily expected that D2D discovery impact on WAN is minimal. However, it can also be observed that performance loss increases as the periodicity of discovery decreases. Especially, for the 1 second discovery period in the layout option 3, almost 9% of 5% UPT loss is observed which might not be negligible. Note that for layout option 3, WAN impact by discovery is much higher than the layout option 1. This is because there is no penetration loss on D2D discovery, which results in higher in-band emission interference to the eNB.
Currently agreed evaluation assumption for the discovery period is 10s. However, the discovery period is a cell-specific value and it would be configured by the network. Depending on the discovery scenario, desirable discovery performance including number of discovered UEs and delay property, discovery load, system bandwidth, and many other factors, the discovery period can be configured in many different ways and we cannot guarantee that the discovery period is as long as the order of 10s. In that perspective, it is not a fair comparison to evaluate the throughput assuming only 10s discovery period. Smaller period should be taken into account as well.
Observation
· D2D discovery impacts on downlink WAN throughput are not negligible.
· Solutions to minimize WAN impact should be considered for D2D discovery if PUCCH is transmitted in the same subframe with discovery.
4
Conclusion

This contribution provides simulation results for D2D discovery impact on downlink WAN throughput. Some observations based on the simulation results are provided as followings.
Observation
· D2D discovery impacts on downlink WAN throughput are not negligible.

· Solutions to minimize WAN impact should be considered for D2D discovery if PUCCH is transmitted in the same subframe with discovery.
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