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1. Introduction
At the RAN1#76bis meeting, the following options were agreed regarding evaluation of the impact of D2D on WAN.
· 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 evaluate the impact of inband emission of D2D discovery on the PUCCH. Potential power control solutions are also discussed. 
2. Evaluation of Inband Emission Impact
Most of the simulation assumptions follow the email discussion in [76b-11] and [1] and are summarized in Table I in Appendix. In this evaluation we consider Type 1 discovery only. For Type 2 discovery, eNB should be able to schedule the D2D transmission and control the transmission power of each transmitting UE. Therefore, impact of Type 2 discovery on WAN communication may be smaller than that of Type-1 discovery. Random resource selection in Type 1 discovery is assumed, that is, in each discovery period, each UE randomly selects one resource within the discovery resource pool to send the discovery signal. Each discovery signal is assumed to occupy 1 PRB pair.
In the simulation, as agreed in [76b-11], 64 sub-frames every 10000 sub-frames are used for discovery. The performance is further evaluated with different values for the discovery period and the corresponding size of the resource pool. For example, if the discovery period is set to 10 s (10000 subframes), each UE will send discovery signal every 10 s, and the size of the discovery resource pool in a single discovery period will be 64 subframes. If the discovery period is set to 1.25 s (1250 subframes), each UE will send discovery signals 8 times every 10 s, and the size of the discovery resource pool in a single discovery period would be 8 subframes. For each subframe used for discovery, we assume that the PUCCH and D2D are FDMed in the subframe. There are 6 RBs in the frequency domain used for the PUCCH (3 RBs on each side of the bandwidth), and 44 RBs in Frequency domain are used for D2D discovery. 
In TR 36.843 section A.2.1.4.1 [1], the performance metrics are defined as follows.
The metrics related to impact on WAN aspect of discovery are:

· Amount of resource used for discovery per cell if in-coverage. This shall be a system level metric.

· FFS metrics related to throughput loss and/or interference.

In this evaluation, the amount of resources used for discovery per cell is fixed at 0.64%. We define the CDF of the interference power on the PUCCH as another metric to evaluate the impact on WAN. 

Fig. 1-1 shows the CDF of the interference power on the PUCCH due to the inband emission of discovery signals. The results with fixed maximal transmission power (23 dBm), with open-loop power control based on the pathloss to the serving eNB, and with fixed 10 dB transmission power back off, i.e., transmission power of 13 dBm, are shown. For open-loop power control, full pathloss compensation is assumed and different values for P0 are tested: -86 dBm and -76 dBm.
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Figure 1. Inband emission and discovery performance with and without power control
When each UE transmits at maximum transmission power, we observe that the interference power of the inband emission becomes much worse as the discovery period shortens, especially for subframes with lower interference power. The reason for this is that UEs close to the eNB will transmit in more subframes and thus the inband emission in these subframes will be much worse. Assuming a PUCCH transmission on a single RB with full pathloss compensation, P0 = -100 dBm, and a PUCCH decoding threshold of -5dB (format 1a, 2Rx antennas, normal CP and EVA 5 Low [2]), approximately 50% and 100% of the PUCCH would not have sufficient decoding performance with periods of 10 s and 1.25 s, respectively. PUCCH transmission in D2D subframes would incur severe interfered especially when discovery resources within one discovery period are limited. 
Fig. 1-1 also shows that power control efficiently reduces the amount of inband emission interference on the PUCCH. Setting P0= -76 dBm when the discovery period is 10 s and setting P0= -86 dBm when discovery period is 1.25 s could avoid performance degradation on the PUCCH decoding due to the inband emission interference. Power back off may not be a good solution to reduce inband emission interference. When setting the power back off value to 10 dB, still approximately 20% and 95% of the PUCCH will have insufficient decoding performance with pefiods of 10 s and 1.25 s, respectively.

Fig. 1-2 shows the discovery performance measured by the number of UEs discovered. A relatively large performance degradation is observed when using power control or power back off when the discovery resources within one discovery period are sufficient, i.e., period is 10 s. Power control with P0 = -76 dBm performs better than the power back off. However, when the discovery resources within one discovery period is limited, i.e., period is 1.25 s, the performance degradation due to power control and power back off is marginal. The reason for this is that when the discovery resources within one discovery period are limited, the discovery performance is already limited due to interference among D2D discovery signals. Power control with P0 = -86 dBm performs slightly worse than the power back off with 10 dB. However, we should keep in mind that power control with P0 = -86 dBm could provide much better protection on the PUCCH than power backoff with 10 dB, i.e., 0% vs. 95% degradation in the PUCCH assuming PUCCH power control with P0 = -100 dBm. 
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Figure 2. Inband emission on different PRB
(23 dBm transmission power)                        

Figure 3. Distribution of num. of UEs discovered
(with 10 s period)
Fig. 2 shows the inband emission interference power on different PUCCH PRBs with 23 dBm transmission power for all UEs. We observe that the difference in the interference power on different PRBs is small. Note that for PUCCH PRB 1, the same situation occurs as if there is a 2RB frequency domain guard band, i.e., PUCCH PRB 2 and PRB 3, designed from the D2D discovery resources.
Fig. 3 shows the distribution in the number of UEs discovered by all UEs, indoor UEs, outdoor UEs and virtual indoor UEs, with 10 s discovery period. The figure shows that the major degradation in discovery performance is due to outdoor UEs and virtual indoor UEs. For indoor UEs, there is little performance loss due to power control. We observe the following.
Observation 1: Open loop power control may be considered to reduce the impact of inband emission especially when the discovery resources are limited.
4. Conclusion
In this contribution we evaluated the impact of inband emission of D2D discovery on the PUCCH, and discussed candidate solutions to mitigate the interference of inband emission. Based on the evaluation, we observe the following.
Observation 1: Open loop power control can be considered to reduce the impact of inband emission especially when the discovery resources within one discovery period are limited.
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Appendix
Table I. Simulation Assumptions

	Layout
	Hexagonal grid, 3 sectors per site with 7 macro-sites
Urban macro (500 m ISD) – option 1: 1 indoor hotspot per cell

	Carrier frequency
	2 GHz, FDD

	System bandwidth
	10 MHz, UL

	Network operation
	In NW coverage

	Network synchronization
	All eNodeBs synchronized

	UE RF parameters
	Tx power of 23 dBm, 1 Tx/ 2 Rx antenna,  Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs for discovery per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843[2]

	In-band emission
	[W,X,Y,Z] = [0,0,0,0] dB
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