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1. Introduction
This contribution provides the simulation results on the impact between cellular performance and D2D communications, focusing on the restriction caused by TDM between WAN TX and D2D TX/RX from a single UE perspective. In addition, the detailed design of HARQ-ACK transmission shift is also provided. 
2. Discussion
2.1. Simulation assumptions

In a subframe in which a UE transmits WAN signal to the eNB, that UE can neither transmit D2D signal (at least in the same carrier) due to the prioritization of WAN over D2D nor receive D2D signal (at least in the same carrier) due to the half duplex constraint. Therefore, assuming an FDD system, when the eNB schedules UL TX in subframe n (by transmitting PDSCH, UL grant, or PHICH NACK) D2D TX/RX cannot be operated in subframe n+4. This D2D performance loss appears in two ways: If WAN TX UE is a D2D TX UE, all the UEs within the coverage of that D2D TX UE lose one subframe in their receptions. If WAN TX UE is a D2D RX UE, it loses for all the D2D transmissions conveyed in that subframe.
In order to handle this issue, we can consider the following four options under “Option 2: N_b,total UEs per cell participate in D2D. 10 randomly selected UEs per cell have WAN traffic both in DL and UL according to FTP2 model. (N_b,total - 10) UEs per cell have no WAN traffic” as per [1]. It is commonly assumed in the options that the entire UL subframes are semi-statically divided into two disjoint subframe sets, one is used for WAN and the other is used for D2D. In addition, we also evaluated the case that Z% of (10*57) WAN UEs doesn’t participate in D2D in the following four options.
Option 1) The eNB has no restriction in doing WAN scheduling. In other words, the eNB can transmit PDSCH or UL grant in every subframe if there is traffic to be sent in DL or UL. As a result, D2D performance can be degraded significantly.

Option 2) The eNB transmits no PDSCH or UL grant in subframe n if subframe n+4 is included in the D2D subframe set. The D2D performance is not affected but WAN performance will be degraded because several subframes are simply lost. There is no restriction in doing WAN scheduling in subframe n if subframe n+4 is included in the WAN subframe set.

Option 3) The eNB opportunistically transmits PDSCH or UL grant in subframe n if subframe n+4 is included in the D2D subframe set. To be specific, before the eNB sends PDSCH or UL grant to a UE, it first checks whether the scheduled UE will participate in D2D operation in subframe n+4. If the UE is a D2D TX UE, the eNB transmits PDSCH or UL grant only when the UE has no D2D traffic to transmit in subframe n+4. If the UE is a D2D RX UE, the eNB transmits PDSCH or UL grant only when all the D2D TX UEs within the -107 dBm RSRP from that D2D RX UE has no D2D traffic to transmit in subframe n+4. Compared to Option 2, the scheduling restriction can be relaxed depending on the D2D traffic status, so the WAN performance can be improved. There is no restriction in doing WAN scheduling in subframe n if subframe n+4 is included in the WAN subframe set.
Option 4) This option is specific to DL scheduling. The UL HARQ-ACK timing is shifted such that any the HARQ-ACKs are transmitted in a subframe reserved for WAN [2]. As a result, the eNB transmits PDSCH in any DL subframe but the corresponding UL HARQ-ACK does not affect D2D operations. As the HARQ RTT increases due to the HARQ-ACK timing shift, we assumed 10 HARQ processes in this evaluation for this option.
2.2. Performance results

Tables show the DL throughput performance of the four options and figures show the D2D performance. 
Table 1. DL throughput performance in case of 3 D2D TX UEs per cell
	X% D2D SFs
	Scenario
	Avg.UE Pkt

Thpt [Kbps]
	Gain
	Y-percentile UE Pkt Thpt [Kbps]

	
	
	
	
	Y = 5
	Gain
	Y = 50
	Gain
	Y = 95
	Gain

	X = 20
	Option 1

(Z = 0, 30, 50, 70%)
	10497
	N/A
	2262
	N/A
	7642
	N/A
	31508
	N/A

	
	Option 2

(Z = 0, 30, 50, 70%)
	7605 
	-28%
	1727
	-24%
	5361
	-30%
	23011
	-27%

	
	Option 3

(Z = 0%)
	7732
	-26%
	1771
	-22%
	5498
	-28%
	21927
	-30%

	
	Option 3

(Z = 30%)
	8557 
	-18%
	1772 
	-22%
	6234 
	-18%
	24381 
	-23%

	
	Option 3

(Z = 50%)
	9119 
	-13%
	1979 
	-12%
	6575 
	-14%
	25129 
	-20%

	
	Option 3

(Z = 70%)
	9561 
	-9%
	1922 
	-15%
	6850 
	-10%
	27864 
	-12%

	
	Option 4

(Z = 0, 30, 50, 70%)
	10006
	-5%
	2205
	-3%
	7262
	-5%
	28958
	-8%

	X = 40
	Option 1

(Z = 0, 30, 50, 70%)
	10497
	N/A
	2262
	N/A
	7642
	N/A
	31508
	N/A

	
	Option 2

(Z = 0, 30, 50, 70%)
	5280 
	-50%
	1211 
	-46%
	3690
	-52%
	15171 
	-52%

	
	Option 3

(Z = 0%)
	5918
	-44%
	1377
	-39%
	4104
	-46%
	16718
	-47%

	
	Option 3

(Z = 30%)
	7419 
	-29%
	1570 
	-31%
	5313 
	-30%
	21005 
	-33%

	
	Option 3

(Z = 50%)
	8166 
	-22%
	1799 
	-20%
	5936 
	-22%
	21992 
	-30%

	
	Option 3

(Z = 70%)
	9204 
	-12%
	1903 
	-16%
	6591 
	-14%
	26597 
	-16%

	
	Option 4

(Z = 0, 30, 50, 70%)
	10006
	-5%
	2205
	-3%
	7262
	-5%
	28958
	-8%

	X = 60
	Option 1

(Z = 0, 30, 50, 70%)
	10497
	N/A
	2262
	N/A
	7642
	N/A
	31508
	N/A

	
	Option 2

(Z = 0, 30, 50, 70%)
	2904 
	-72%
	802 
	-65%
	1956 
	-74%
	8794 
	-72%

	
	Option 3

(Z = 0%)
	4258
	-59%
	999
	-56%
	2764
	-64%
	13003
	-59%

	
	Option 3

(Z = 30%)
	5876 
	-44%
	1247 
	-45%
	3803 
	-50%
	17210 
	-45%

	
	Option 3

(Z = 50%)
	7472 
	-29%
	1435 
	-37%
	5101 
	-33%
	22346 
	-29%

	
	Option 3

(Z = 70%)
	8362 
	-20%
	1653 
	-27%
	5894 
	-23%
	23676 
	-25%

	
	Option 4

(Z = 0, 30, 50, 70%)
	10006
	-5%
	2205
	-3%
	7262
	-5%
	28958
	-8%


Table 2. DL throughput performance in case of 6 D2D TX UEs per cell
	X% D2D SFs
	Scenario
	Avg.UE Pkt

Thpt [Kbps]
	Gain
	Y-percentile UE Pkt Thpt [Kbps]

	
	
	
	
	Y = 5
	Gain
	Y = 50
	Gain
	Y = 95
	Gain

	X = 20
	Option 1

(Z = 0, 30, 50, 70%)
	10497
	N/A
	2262
	N/A
	7642
	N/A
	31508
	N/A

	
	Option 2

(Z = 0, 30, 50, 70%)
	7605
	-28%
	1727
	-24%
	5361
	-30%
	23011
	-27%

	
	Option 3

(Z = 0%)
	7899
	-25%
	1668
	-26%
	5580
	-27%
	22630
	-28%

	
	Option 3

(Z = 30%)
	8797 
	-16%
	1842 
	-19%
	6420 
	-16%
	25974 
	-18%

	
	Option 3

(Z = 50%)
	9072 
	-14%
	2057 
	-9%
	6655 
	-13%
	25761 
	-18%

	
	Option 3

(Z = 70%)
	9536 
	-9%
	1914 
	-15%
	6966 
	-9%
	26806 
	-15%

	
	Option 4

(Z = 0, 30, 50, 70%)
	10006
	-5%
	2205
	-3%
	7262
	-5%
	28958
	-8%

	X = 40
	Option 1

(Z = 0, 30, 50, 70%)
	10497
	N/A
	2262
	N/A
	7642
	N/A
	31508
	N/A

	
	Option 2

(Z = 0, 30, 50, 70%)
	5280
	-50%
	1211
	-46%
	3690
	-52%
	15171
	-52%

	
	Option 3

(Z = 0%)
	5710
	-46%
	1267
	-44%
	3959
	-48%
	16583
	-47%

	
	Option 3

(Z = 30%)
	7200 
	-31%
	1477 
	-35%
	4953 
	-35%
	20687 
	-34%

	
	Option 3

(Z = 50%)
	7967 
	-24%
	1691 
	-25%
	5615 
	-27%
	21904 
	-30%

	
	Option 3

(Z = 70%)
	8837 
	-16%
	1907 
	-16%
	6123 
	-20%
	25441 
	-19%

	
	Option 4

(Z = 0, 30, 50, 70%)
	10006
	-5%
	2205
	-3%
	7262
	-5%
	28958
	-8%

	X = 60
	Option 1

(Z = 0, 30, 50, 70%)
	10497
	N/A
	2262
	N/A
	7642
	N/A
	31508
	N/A

	
	Option 2

(Z = 0, 30, 50, 70%)
	2904
	-72%
	802
	-65%
	1956
	-74%
	8794
	-72%

	
	Option 3

(Z = 0%)
	3716
	-65%
	875
	-61%
	2334
	-69%
	11285
	-64%

	
	Option 3

(Z = 30%)
	5182 
	-51%
	1125 
	-50%
	3279 
	-57%
	16410 
	-48%

	
	Option 3

(Z = 50%)
	6842 
	-35%
	1342 
	-41%
	4409 
	-42%
	20941 
	-34%

	
	Option 3

(Z = 70%)
	8023 
	-24%
	1509 
	-33%
	5498 
	-28%
	24338
	-23%

	
	Option 4

(Z = 0, 30, 50, 70%)
	10006
	-5%
	2205
	-3%
	7262
	-5%
	28958
	-8%
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Figure 1. 3 D2D TX UEs per cell (Z = 0%)
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Figure 2. 3 D2D TX UEs per cell (Z = 30%)
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Figure 3. 3 D2D TX UEs per cell (Z = 50%)
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Figure 4. 3 D2D TX UEs per cell (Z = 70%)
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Figure 5. 6 D2D TX UEs per cell (Z = 0%)
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Figure 6. 6 D2D TX UEs per cell (Z = 30%)
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Figure 7. 6 D2D TX UEs per cell (Z = 50%)
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Figure 8. 6 D2D TX UEs per cell (Z = 70%)

We first observe that D2D performance is very poor in Option 1 because many D2D subframes are lost. On the other hand, it can be observed that WAN performance is severely degraded in Option 2 because of the eNB scheduling restriction. When compared to Option 2, Option 3 improves WAN performance to some extent especially when more subframes are allocated to D2D with the same D2D performance kept, but its WAN performance is still much lower than that of Option 1. We can observe that Option 4 provides a similar WAN DL performance to that of Option 1 while guaranteeing D2D performance like Options 2 and 3. In addition, as the value of Z increases, it was found that the WAN performance difference between Option 3 and Option 1 decreases. This is because the number of WAN UEs affected by D2D operation is reduced, as the value of Z increases. It also observed that the D2D performance difference among four options decreases, as the value of Z increases. The reason is that the number of D2D UEs affected by WAN operation is reduced, as the value of Z increases. Finally, as the value of Z increases, it was found that the overall D2D performance of four options become worse. This is because the number of D2D UEs is reduced, as the value of Z increases.
Observation 1: If the eNB scheduling in subframe n triggers WAN TX in subframe n+4 which is configured as a D2D subframe, D2D performance is significantly degraded due to the WAN prioritization over D2D.

Observation 2: If the eNB avoids PDSCH transmission in subframe n when subframe n+4 is configured as a D2D subframe, WAN DL performance is significantly degraded due to the loss of DL subframes.
Observation 3: Both WAN DL performance and D2D performance can be guaranteed if UL HARQ-ACK timing is shifted such that any UL HARQ-ACK is transmitted in a subframe not configured as a D2D subframe.
2.3. HARQ-ACK transmission shift

In the previous section, it was concluded that the UL HARQ-ACK transmission shift can guarantee both WAN DL performance and D2D performance. Details of UL HARQ-ACK transmission shift are as follows [4]:
(a) For TDD, DL HARQ reference configuration is signaled to a D2D UE (not operating TDD eIMTA).
(b) For FDD, one of the following alternatives is selected.
· Alt 1: UL HARQ-ACK transmission is shifted to the next nearest non-D2D subframe, and HARQ-ACK bundling can be applied.
· Alt 2: DL HARQ reference configuration is signaled to a D2D UE.

Furthermore, it can also be discussed whether UL HARQ-ACK transmission shift is defined as an additional feature in D2D capability.
Proposal 1: The detailed design described in the section 2.3 can be considered for UL HARQ-ACK transmission shift.
3. Conclusion

This contribution provides the performance results on the impact between WAN and D2D. The following observations were made from the results: 
Observation 1: If the eNB scheduling in subframe n triggers WAN TX in subframe n+4 which is configured as a D2D subframe, D2D performance is significantly degraded due to the WAN prioritization over D2D.

Observation 2: If the eNB avoids PDSCH transmission in subframe n when subframe n+4 is configured as a D2D subframe, WAN DL performance is significantly degraded due to the loss of DL subframes.

Observation 3: Both WAN DL performance and D2D performance can be guaranteed if UL HARQ-ACK timing is shifted such that any UL HARQ-ACK is transmitted in a subframe not configured as a D2D subframe. 
Proposal 1: The detailed design described in the section 2.3 can be considered for UL HARQ-ACK transmission shift.
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Appendix A. Simulation assumptions

	Carrier frequency
	700MHz

	Number of UEs
	1,824 (32 UEs per cell)

	Number of transmitter UEs
	3 UEs per cell for Table 1, Figure 1, Figure 2, Figure 3 and Figure 4, 

6 UEs per cell for Table 2, Figure 5, Figure 6, Figure 7 and Figure 8

	Tx Power
	23 dBm

	Channel and UE drop model
	Outdoor uniform drop (Option 5)
ITU UMa model (Table B.1.2.1-1 in [3]) for eNodeB-to-UE channel

	Number of antennas
	1 Tx, 2 Rx

	System bandwidth
	10MHz Uplink and 10MHz Downlink for FDD

	Traffic model
	VoIP traffic model (as agreed in [74-12]) for D2D

FTP traffic model 2 (Table A.2.1.3.1-2 in [3]) for WAN

	Control channel and reference signal overhead 
	6 RBs for PUCCH 
2 OFDM symbols for PDCCH

	Frequency offset for D2D
	100 Hz

	CP length for D2D
	Normal CP

	Modulation for D2D
	QPSK

	Coding rate for D2D
	0.342 (328bits in 4RBs 164 QPSK symbols in 480 REs ) 

	Resource allocation for D2D
	Energy sensing based resource allocation

	Minimum association RSRP for D2D 
	-107dBm

	In-band emission for D2D
	{W, X, Y, Z} = {0, 0, 0, 0}

	Packet duration for D2D
	4 RBs repeated over 4 subframes

	Small scaling fading for WAN
	Not modeled

	DL CSI feedback for WAN
	Ideal

	Channel estimation for WAN
	Ideal

	Scheduler for WAN
	First-in-first-out packet scheduler

Full bandwidth assignment (i.e., no frequency selective scheduling)
MCS selection by the large scale channel quality

	HARQ modeling for WAN
	Ideal HARQ timing, Chase-combining scheme
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