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1 Introduction
In RAN1#76bis, the potential impact of D2D signals to cellular transmissions was discussed. Companies were invited to provide results on cellular impact by D2D discovery and/or communication in RAN1#77. The simulation assumptions for D2D and WAN co-existence were agreed by RAN1 reflector email discussion [76b-11] and are included in [2]. 
This paper discusses the impact of the in-band interference of D2D signals to WAN and the potential schemes to address this issue. Based on the agreed simulation assumptions, system simulations are made to evaluate the effect of the schemes in different deployment scenarios.
2 Discussions on the in-band interference
The major concern of the D2D impact on WAN is on the in-band emission interference from the D2D signals to the WAN signals that are multiplexed by FDM in D2D subframes. This is a critical issue especially when a D2D transmitter which is near to the eNB uses a relatively high transmit power (e.g., 23dBm), as shown in Figure 1. 
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Figure 1: 

With the potential interference of D2D signals to WAN taken into account, for D2D device discovery we propose:
Proposal-1: FDM multiplexing between WAN signals (except the PUCCH sent by legacy UEs) and type-1 discovery signals shall be avoided, due to the facts that timing control of T1-T2 with T2=0 is generally used and uniform transmit power is desired (for uniform coverage) for type-1 discovery. 
Proposal-2: The FDM multiplexing between WAN signals and type-2B discovery signals (if supported) shall be minimized. If used, timing control and power control methods that are consistent with cellular system shall be used for type-2B discovery transmission. 

D2D transmissions could occupy some periodic uplink subframes in either FDD or TDD. .    Some feedback (e.g., ACK/NACK for DL traffic) will have to be sent in some UL subframes where the UL subframe is used by D2D UEs.   Frequency multiplexing of WAN PUCCH signals (especially from legacy UEs) and D2D signals is inevitable. In addition, the impact of D2D to PUSCH signals is not as severe as that of PUCCH due to the combining gains and time diversity from HARQ retransmissions. This paper focuses on the evaluation of the impact of D2D in-band emission interference to the PUCCH signals. 
3 Potential schemes to alleviate in-band interference to WAN

To alleviate the in-band interference from D2D transmission to  PUCCH, two potential schemes are considered as follows.
Scheme-1: open-loop power control for D2D transmitters
This scheme has been described and initially evaluated in [3]. With this scheme, in order to reduce the in-band interference to the WAN PUCCH reception, an open-loop power control is performed for the D2D transmitters, such that the closer the D2D transmitters are to the eNB, the lower the power used for D2D transmission. The power control uses the same principle and parameters as LTE power control for PUCCH, with details as follows. 
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where PCMAX,c(i) denotes the configured maximum UE transmit power in subframe i for cell c, PLc denotes the downlink pathloss estimate measured by the D2D UE for cell c and PO_ PUCCH is a parameter provided by higher layers. The D2D UE can reuse all these parameters for PUCCH power control. The parameter 
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 in dB, the only D2D specific parameter here, denotes a power offset between the D2D transmitters and the PUCCH power control so that the D2D transmitters could potentially use a relatively large transmit power. 
The simulation parameters are shown in table 1. Transmit powers of 23dBm and 10dBm are simulated. 
Table 1: Power control parameter setting

	Parameter
	Value

	PCMAX,c(i)
	23 dBm, 10dBm

	PO_ PUCCH
	-105/-100/-90 dBm

	PLc
	ideal
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Scheme-2: restricted resource selection for D2D transmitters

D2D UEs close to the eNB contribute most of the in-band interference at the eNB without power control.  If  the discovery resources of cell center UEs are limited to a restricted resource zone within the configured resource pool, most of the in-band interference from the D2D transmitters is concentrated in the restricted zone and in-band interference over the other resources (called the unrestricted zone here) will be largely alleviated (since the UEs not at cell centre select these resources). This scheme  considers the following two points:

· The restricted resource zone size can be configured to be very small (e.g., 6 SFs out of the total 64 SFs). The restricted zone has limited impact on the overall system performance. 
· The eNB is aware of the presence and location of the restricted resource zone. The eNB could take appropriate measures to compensate the degradation of PUCCH within the restricted zone. 
Similarly for D2D direct communication, the eNB can also take the advantage of scheduling information of D2D traffic to reduce the negative impact of direct communication to WAN communication if the incurred control signaling overhead is acceptable. 
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Figure 2: Illustration of restricted resource selection
Table 2: Parameter setting for restricted resource selection scheme
	Parameter
	Value

	Total number of subframes for discovery in each period
	64

	Number of subframes in restricted resource zone
	6

	D2D transmit power
	Fixed, 23dBm or 10dBm as per configuration


4 Simulation results

System level simulations are made to evaluate the impact of D2D discovery transmissions on WAN PUCCH reception. The simulation  parameters are listed in table 3 in the appendix. Two layout options, layout option 1 and option 3, are simulated. The results of layout option 3 are shown in Figure 3~5 and the results for layout option 1 are shown in Figure 6~8, below. 

We make the following observations:

Observation-1: For FDM multiplexing of WAN PUCCH signals and D2D discovery signals with fixed 23dBm transmit power,  the PUCCH signals cannot be decoded by eNB in most cases without D2D power control. 

Observation-2: In terms of in-band interference control, the open-loop power control for D2D transmitter works well for both  scenarios. However, the cost is degraded discovery performance. 
Observation-3: The restricted resource selection method can work well with some parameter settings (e.g., those in Figure 4~5) for layout option-3. However, in the heterogeneous network of layout option-1 (where there are two RRHs in each cell), the restricted resource selection method has little effect in suppressing the in-band interference. 
It is interesting that the restricted resource selection method could work well in the layout option 3 while it has little effect in layout option-1. The restrictions of the cell centre UEs in the restricted resource zone work well in a homogeneous network. For layout option-1, there are two small cells (i.e., indoor RRHs) in each cellular cell, so there are no clear near-far effects and the performance benefit of the restricted resource zone is limited. 
Proposal-3: Power control of D2D transmission and/or restricted resource allocation shall be considered for  interference mitigation of D2D emission leakage to WAN signals.. 
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(a) PUCCH SINR with or w/o D2D PC         (b) PUCCH SINR with restricted resource selection
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(c) D2D transmit power with D2D PC                     (d) comparison of neighbor discovery results
Figure 3: Results for layout 3, with PO_ PUCCH=-105dBm, PCMAX,c(i)=23dBm
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(a) PUCCH SINR with or w/o D2D PC         (b) PUCCH SINR with restricted resource selection
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I D2D transmit power with D2D PC                     (d) comparison of neighbor discovery results
Figure4: Results for layout 3, with PO_ PUCCH=-90dBm, PCMAX,c(i)=23dBm
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(a) PUCCH SINR with or w/o D2D PC         (b) PUCCH SINR with restricted resource selection
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I D2D transmit power with D2D PC                     (d) comparison of neighbor discovery results
Figure 5: Results for layout 3, with PO_ PUCCH=-100dBm, PCMAX,c(i)=10dBm
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(a) PUCCH SINR at eNB                        (b) PUCCH SINR at RRHs

Figure 6: Results for layout 1 with PO_ PUCCH=-105dBm, PCMAX,c(i)=23dBm
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(a) PUCCH SINR at eNB                        (b) PUCCH SINR at RRHs

Figure 7: Results for layout 1 with PO_ PUCCH=-90dBm, PCMAX,c(i)=23dBm
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(a) PUCCH SINR at eNB                        (b) PUCCH SINR at RRHs

Figure 8: Results for layout 1 with PO_ PUCCH=-100dBm, PCMAX,c(i)=10dBm
5 Conclusions
In this paper, we evaluated the impact of D2D discovery signals to WAN PUCCH transmissions. The following observations and proposals are given.
Proposal-1: FDM multiplexing between WAN signals (except the PUCCH sent by legacy UEs) and type-1 discovery signals shall be avoided, due to the facts that timing control of T1-T2 with T2=0 is generally used and uniform transmit power is desired (for uniform coverage) for type-1 discovery. 

Proposal-2: The FDM multiplexing between WAN signals and type-2B discovery signals (if supported) shall be minimized. If used, timing control and power control methods that are consistent with cellular system shall be used for type-2B discovery transmission.
Proposal-3: Power control of D2D transmission and/or restricted resource allocation shall be considered  for interference mitigation of D2D emission leakage to WAN signals. 
Observation-1: For FDM multiplexing of WAN PUCCH signals and D2D discovery signals with fixed 23dBm transmit power,  the PUCCH signals cannot be decoded by eNB in most cases without D2D power control.   Observation-2: In terms of in-band interference control, the open-loop power control for D2D transmitter works well for both  scenarios. However, the cost is degraded discovery performance. 

Observation-3: The restricted resource selection method can work well with some parameter setting (e.g., those in Figure 4~5) for layout option-3. However, in the heterogeneous network of layout option-1 (where there are two RRHs in each cell), the restricted resource selection method has little effect in suppressing the in-band interference.
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Appendix

Table 3: Simulation parameters for evaluation of D2D discovery impact to WAN
	
	

	Layout option
	Option 1 and option 3, both with 19 sites (i.e., 57 sectors)

	Synchronization assumption
	All cells synchronous

	Discovery resource pool
	44 PRBs over 64 subframes

	Discovery type
	Type-1

	D2D UE transmit power
	23dBm, 10dBm (for comparison) and power controlled

	In-band emission model
	As defined in [4] with [W,X,Y,Z] = [0,0,0,0]

	PUCCH resource
	6 PRBs at carrier edge

	Number of UEs per cell
	150

	PUCCH UEs
	10 active UEs per cell, out of which about 6 for PUCCH transmission

	Discovery resource selection
	Random selection from resource pool

	Metrics
	PUCCH SINR at eNB, number of discovered neighbors

	Others parameters
	Refer to Table 1, Table 2 and [4]
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