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1 Introduction

At the RAN1 #76bis meeting, companies were encouraged to provide evaluations on the impact of D2D transmissions to cellular transmissions. This contribution shows the impact of D2D transmissions on cellular UL and DL performance:

· Uplink performance: UL throughput is affected by the number of resources allocated to D2D and by the in-band emission of D2D transmissions. In addition, other UL signals such as the scheduling request (sent in PUCCH) are impacted by D2D in-band emissions.
· Downlink performance: D2D in-band emission interference impacts PUCCH which in turn affects the DL throughput.
Our simulation results indicate that:
· UL throughput and PUCCH are noticeably affected.

· DL throughput is affected. The degradation is especially important if open-loop link adaptation (OLLA) is performed in D2D subframes. 
2 Simulation assumptions
The simulation assumptions are aligned with the agreed assumptions in 3GPP and are given in the Appendix. TDM/FDM multiplexing of D2D and UL signals is evaluated as shown in Figure 1. 
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Figure 1. TDM/FDM resource allocation between cellular and D2D transmissions
6 RBs are reserved for PUCCH transmissions. For UL throughput analysis, 25% of subframes, occupying 12 RBs, contain D2D transmissions. D2D and cellular transmissions are orthogonal. To evaluate the impact of D2D in-band emission on PUCCH, it is assumed no PUSCH is scheduled, and only the 12 middle RBs are used for D2D transmissions, with each D2D UE using at most 4 consecutive RBs.   
3 Simulation results
Simulation results for PUCCH BLER and UL and DL throughput are provided in the following. 
3.1 PUCCH performance
PUCCH format 1 is simulated with target SINR of -8 dB, and for 3/6 D2D transmitters per cell on average. Additionally, D2D transmit powers of 23 and 31 dBm are also simulated. 1 UE transmit and 2 eNB receive antennas are assumed. Both SINR distribution and BLER CCDF results are provided in  REF _Ref387342251 \h 
 and Figure 2. As the results show, there is a visible impact on the PUCCH: for the baseline case: no D2D operation, less than 5% of the UEs have a PUCCH BLER of more than 1%. For 3 D2D commercial UEs (23 dBm transmission power), 15% of UEs have a BLER of more than 1%. For 3D2D PS UEs, the proportion surges to 22%. For the extreme case, 6 D2D PS UEs, over 40% of the UEs experience a BLER of more than 1%, and 28% of the UEs experience near 100% BLER on the PUCCH.
Because PUCCH is used for ACK/NACK, CQI, and SR, losing a PUCCH may impact the system performance in many ways. For instance, if SR transmissions fail, the UE needs to perform a RACH operation. Also, error in SR may lead to allocating more UL resources to a UE, which affects overall UL performance. In addition, in case of TDD operation, ACK/NACKs for multiple subframes can be signaled in a single PUCCH. In case CQI is lost, link adaptation is not accurate. Thus, in addition to the throughput loss, a PUCCH performance loss has a significant negative impact on the overall system performance.
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Figure 2: PUCCH BLER CCDF
3.2 DL throughput performance
Table 1 shows the cell-average and cell-edge DL throughput degradation due to losing ACK/NACK in an FDD configuration with and without OLLA assuming D2D is allowed in 25% of subframes. Looking at the fraction of UEs experiencing near 100% BLER on the PUCCH (shown in Figure 2), we assume PUCCH error probabilities from 10% to 40.  The table shows that using OLLA in D2D subframes degrades the DL throughput, especially for cell-edge UEs. 
Table 1: DL throughput degradation due to PUCCH error (baseline for comparison: OLLA, error-free PUCCH)
	PUCCH Error Probability
	Cell-avg
Throughput degradation
	Cell-edge
Throughput degradation

	10% (w OLLA)
	3.90%
	8.33%

	20% (w OLLA)
	9.95%
	20.48%

	40% (w OLLA)
	31.70%
	49.47%

	10% (w/o OLLA)
	2.53%
	2.91%

	20% (w/o OLLA)
	5.01%
	5.83%

	40% (w/o OLLA)
	8.60%
	12.41%


3.3 Uplink performance
The UL throughput is provided in Figure 3 assuming 3 D2D UEs per cell.
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Figure 3: The cellular-UE UL throughput distribution
It can be observed that:

· The loss of the cellular-UE uplink performance is significant due to the D2D transmissions. The reasons are:
· Inband emission interference from D2D-UE transmission has significant impact on the UL Cellular-UE performance. 
· D2D-UE transmissions occupy PUSCH resources.
· Guard band does not improve the Cellular-UE throughout performance. The reasons are that:
· The guard band occupies more PUSCH resources.
· Guard band does not fully mitigate inband emission interference.
4 Conclusion

This contribution considers D2D impact on both UL and DL performance. It is observed that:
· PUCCH is impacted significantly (about 10~35% loss) because of in-band emission, especially for 6 D2D transmitters per cell using 31 dBm.
· UL throughput is affected noticeably because of in-band emission and because of resource-loss due to orthogonal allocation of D2D and cellular resources.
· DL throughput is degraded by less than 6% if OLLA is not used. Otherwise the cell-edge performance can be degraded up to 20% if D2D transmissions are allowed in 25% of subframes. 
Based on this analysis, it is clear that some counter-measures to protect the cellular system are needed. Possible solutions are described in some of our other contributions:
· Delaying sending the PUCCH to avoid D2D interference on PUCCH [1].
· Using power control on the D2D transmission [2].
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Appendix
	D2D parameters

	Parameters
	Assumptions

	Layout
	Option5: Rural macro (1732m ISD)

	Communication type
	Broadcast, 100%eNB is enabled(in coverage, for C scheme, the eNB as controller)

	UE-pairing
	Random pairing:
Transmitter UE is randomly selected from all UEs within the entire 7 macro sites that are already not selected as transmitter UEs.
For each remaining UE (,i.e., UEs that are not transmitter) calculate the RSRP from each of the selected transmitter. If the RSRP is greater than -107dBm for a transmitter then associate the UE with the transmitter.

	Total number of UEs for communication per cell area
	32 UEs, Uniform drop (i.e., outdoor, option 2 of Scenario 5):

All UEs are randomly and uniformly dropped throughout the macro geographical area.

· Option 1: Average number of broadcast transmitters per cell is 3

· Option 2: Average number of broadcast transmitters per cell is 6

	Minimum distance between UEs
	( 3m

	Pathloss
	Winner + B1 with [0] dB offset for LOS and [-5]dB offset for NLOS.

PL_B1_tot = max(PLfreespace, PL_B1)

h_BS = h_MS = 1.5m

h_BS( = h_MS(= 0.8m

	LOS probability
	ITU UMi

	UE Inband emission 
	36.101, and  {0,0,0,0}dB for W,X,Y,Z

	Traffic model
	VOIP

	The effective bandwidth of the maximum tx power
	Distributed across the total scheduled RBs

	Resource allocation between D2D and Cellular-UE
	TDM/FDM

	MCS
	Fixed MCS,QPSK

	RSRP threshold
	-107dBm

	General parameters

	Parameters
	Assumptions

	Carrier Frequency(GHz) 
	0.7

	System bandwidth (MHz) 
	10MHz (FDD), total 48 available RBs

	UE RF parameters 
	Max Tx power of 23 dBm

Antenna gain 0 dBi, Noise figure 9 dB 

	Total number of active UEs per cell area and traffic
	Option 1: 10 UEs per cell that do not participate in D2D (discovery or communication) but have full buffer downlink and uplink WAN traffic. UEs that participate in D2D do not have WAN traffic.

	UE inband emission modelling
	36.101, and {0,0,0,0}dB for W,X,Y,Z

	eNodeB RF parameters
	As specified in 3GPP case 3

	Macro to cellular-UE channel model
	ITU RMa

	Traffic model
	FB

	metric
	FB: Cellular User throughput: with and without D2D.
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