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1 Introduction

In previous RAN1 #76bis meeting, the following work plan for the evaluation of D2D performance and impact of D2D on WAN was discussed and agreed as given below [1].

· 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
E-mail discussion was followed after the meeting to discuss remaining simulation parameters for the impact of D2D on WAN and then we reached an agreement on the simulation assumption as given in [2]. The e-mail discussion mainly focused on the evaluation of PDSCH throughput loss due to ACK/NACK errors by unreliable PUCCH when D2D UEs act as interferers to an eNB receiving the PUCCH. From the evaluations of D2D impact on DL throughput in [3], it is helpful to discuss D2D impact on PUCCH considering potential solutions for WAN protection. 
PUCCH transmitted in a subframe in which D2D signal is frequency multiplexed with PUCCH is mainly interfered by in-band emissions from D2D discovery or communication signals transmitted from D2D UEs. Therefore, efficient control of the in-band emissions by D2D UEs is very important. 
In RAN1 #76bis, there was also an observation captured in [1] regarding the possible options for WAN protection 

· Companies are encouraged to consider possible options (including implementation-based mechanisms) for WAN protection in case D2D and WAN resources are FDMed from system perspective.

· Some possible options include: 
· Option 1) Power control for D2D signal transmission

· Note 1: Transmit power is controlled by eNB in Communication Mode 1 and discovery Type 2.

· Note 2:  Fixed power (non-UE specific) or open loop power control can be considered in Communication Mode 2 (if supported  by in-coverage UEs) and discovery Type 1.

· Note 3:  Solutions to cope with D2D coverage difference when UE-specific transmit power control is applied is different should be considered.

· Option 2) RSRP measurement based resource selection restriction

· Option 3) Guard band between WAN and D2D resources 

· Option 4) power boosting of WAN transmission 
· Others including combination between options are not precluded.
In this contribution, we discuss the evaluation results of D2D impact on PUCCH performance. Considering the above observation, some WAN protection options are considered for the evaluation, e.g. guard band, power control, and resource restriction. For all the simulation results, we assume type-1 discovery as a baseline but type-2 discovery is expected to have similar tendency.
2 Evaluation of D2D impact on PUCCH
In this section, we briefly describe the potential schemes which are expected to minimize interferences from D2D discovery UEs on PUCCH. After the discussion, we will discuss performance evaluations showing D2D discovery impact on PUCCH considering each scheme. 
Options for PUCCH protection
Guard band between  WAN and D2D resource
Guard band can be considered as a candidate to reduce in-band emission impact on PUCCH. Because the transmit power in allocated RBs is spilt over to adjacent RBs, in-band emission in those RBs is greater than in-bane emission floor. Therefore, insertion of guard band between discovery resource region and PUCCH is considered as a possible option to mitigate the interference to PUCCH. Considering the in-band emission model agreed in [2] and [4], 3 RBs are enough for guard band to get rid of impact of spill-over interference from in-band emission.
PUCCH power boosting
To increase SINR of PUCCH, the easiest way is to increase transmit power of PUCCH. Transmission power control for uplink can be used for the PUCCH power boosting by increasing target power for PUCCH without any modifications of cellular and discovery procedure. But, increasing transmitted power of PUCCH may bring higher inter-cell interference to adjacent eNBs. Therefore, careful considerations are required for PUCCH power boosting. Maximum transmit power of PUCCH as a result of power boosting is limited to 23dBm.
Power control of D2D discovery
Even though current assumption of UE transmit power for D2D discovery is fixed to 23dBm, it is useful to discuss eNB based open loop transmit power control scheme to minimize interference on PUCCH. Basic principal on transmit power control for D2D discovery is that D2D UEs far from an eNB can transmit discovery signal with high transmit power and D2D UEs near the eNB with low transmit power. UE transmit power can be calculated by open loop manner in which a D2D discovery UE tries to limit in-band emission below the target power. In-band emission impact to PUCCH can be managed to desired level by applying open loop power control for individual D2D UE. With the open loop transmit power control for D2D discovery the D2D discovery UE near an eNB has limited discovery coverage. However, power control is still meaningful because minimizing the D2D impact on PUCCH and PDSCH performance is the most important.
Discovery resource grouping
For RSRP measurement based resource selection restriction, we apply discovery resource grouping depending on path loss. Discovery resource grouping divides the resources allocated for D2D discovery into two groups in time division manner. One group is allocated to D2D discovery UEs which are far from eNB (low RSRP). The other group is used for D2D discovery UEs near its serving eNB (high RSRP). Interference from high path loss UEs is not critical to PUCCH performance. On the other hand, discovery UEs located near an eNB results in high interference to PUCCH. See figure 1 below for details on discovery resource grouping.
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Figure 1: Resource allocation for the discovery resource grouping
Each UE can decide its group by comparing its serving cell RSRP and the configured threshold level. This scheme can limit the number of subframes where PUCCH is unreliable since we can make PUCCH SINR in low interference group as a desired level by configuring the desired threshold level for group selection. Details on this scheme are discussed in our companion contribution [6].
Evaluation results
For the evaluation for each scheme discussed above, we used simulation assumptions discussed via e-mail reflector [2]. We also used some more basic assumptions like the followings.

· Resource allocation: A UE can transmit its discovery signal using one PRB selected randomly in the discovery resource region. Within a subframe allocated for D2D discovery in each discovery duration, 44 RBs are used for D2D discovery and guard band if it is considered. Remained 6 RBs located at each edge are used for PUCCH. Each discovery duration has 64 subframes.
· Layout options: We assumed two layout options: Option 1 and option 3. 
· Timing: Received timing of discovery signal and PUCCH in both D2D receivers in a cell and an eNB is assumed all aligned within CP length. Therefore, ICI and ISI are ignored in the evaluation.
· Metrics: PUCCH SINR CDF and number of discovered UEs

Other details on the evaluation assumptions are summarized in Annex A, which is in line with the current RAN1 agreement on D2D discovery evaluation [2] and [5]. 

[image: image2.png]03

08

07

08

DF
&

04

03

0z

01

——Layout 3, Guard band: O RB.
——Layout 3, Guard band: 3 R8s
——Layout 3, Guard band: 6 R8s
——tLayout 1, Guard band: O RB,
——Layout 1, Guard band: 3 R8s
——Layout 1, Guard band.

30282624 2220181614120 8 6 4 2 0 2 4 6 § 1012

PUCCHSINRIdB]




    [image: image3.png]#of discovered UEs

1800

1600

§

g

H

—=—Layout 3, Guard band.
—+—Layout 3, Guard band: 3R8s
s Layout 3, Guard band: 6R8s
= Layout 1, Guard band: ORB

= Layout 1, Guard band: 3R8s
—e—Layout 1, Guard band: 6R8s

Discovery durations





(a) CDF of PUCCH SINR                                                         (b) No. discovered UEs 
Figure 1. Performances of guard band
Figure 1 shows the CDF of PUCCH SINR and the number of discovered UEs when guard band is applied. For the simulation, layout option 3 and 1 are considered. From the left figure, we can see that negligible gain can be obtained in PUCCH SINR even if guard band is inserted between the discovery resource region and PUCCH. From the results above, we can figure out that in-band emission from spill-over RBs is not dominant interference to PUCCH. On the other hand, the number of discovered UEs is decreased with increasing guard band RBs in layout option 3. 
Observation 1: PUCCH performance gain from employing guard band is negligible, while there is degradation on discovery performance.
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(a) CDF of PUCCH SINR (layout option 3)                            (b) CDF of PUCCH SINR (layout option 1)
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(c) No. discovered UEs (layout option 3)                                   (d) No. discovered UEs (layout option 1)
Figure 2. Performances of PUCCH power boosting

Performances of PUCCH power boosting are shown in Figure 2. We can see some SINR enhancement with increasing transmitted power of PUCCH especially in layout option 3. However, In layout option 1, no enhancement is shown in SINR in spite of PUCCH power boosting. If we see the SINR around -7.8dB, which is the required SINR for PUCCH in normal LTE FDD system [7], PUCCH SINR is not improved. For this reason, we can conclude that PUCCH power boosting is not beneficial to enhance the PUCCH performance, especially in layout option 1. We can also see that PUCCH power boosting doesn’t affect the performance of D2D discovery from Figure 2 (c) and (d).
Observation 2: PUCCH power boosting can not enhance PUCCH performance. Careful considerations are required if PUCCH power boosting is applied.
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(a) CDF of PUCCH SINR (layout option 3)                            (b) CDF of PUCCH SINR (layout option 1)
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(c) No. discovered UEs (layout option 3)                                  (d) No. discovered UEs (layout option 1)
Figure 3. Performances of power control for D2D discovery
Figure 3 presents the performances when open loop power control for D2D discovery is employed. Power control of D2D discovery can reduce the portion of SINR below -7.8dB as shown in Figure 3 (a) and (b) regardless of layout options. With target power (
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) of -100 dBm, probability of SINR below -7.8dB is around 1% in layout option 3 and it is a bit higher for layout option 1. However, there is some loss in the number of discovered UEs as shown in figure 3 (c) and (d). This is because reduced transmit power of D2D discovery UEs near eNB limits discovery coverage. From the perspective that minimizing the D2D impact on PUCCH is important, open loop power control should be considered for D2D discovery.
Observation 3: Open loop Power control improves PUCCH performance significantly.
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(a) CDF of PUCCH SINR (layout option 3)                             (b) CDF of PUCCH SINR (layout option 1)
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(c) No. discovered UEs (layout option 3)                                  (d) No. discovered UEs (layout option 1)
Figure 4. Performances of discovery resource grouping
The simulation results when discovery resource grouping is used are shown in Figure 4. In this simulation, the number of subframes with low interference and high interference are {32, 32} for layout option 3 and {42, 22} for layout option 1. The RSRP threshold used here is -67dBm (90dB path loss) regardless of layout options. Most of Received PUCCH SINR transmitted in the subframes in low interference region is greater than -7.8dB. Therefore, an eNB can expect that PUCCH would be received reliably in those subframes. On the other hand, the portion of low SINR below -7.8dB in high interference PUCCH region gets higher than no grouping case. It makes considerable ACK/NACK errors in PUCCH. However, as discussed in [6], we can limit the number of subframes which shows unreliable PUCCH reception and it is possible to alleviate the DL scheduling restriction in eNB. We can also see negligible difference with and without grouping in the discovery performances as shown in Figure 4 (c) and (d).
Observation 4: By applying resource grouping based on RSRP, we can limit the number of subframes which shows unreliable PUCCH reception and correspondingly it is possible to alleviate the DL scheduling restriction in eNB.
3 Conclusions
This contribution provides evaluation results of D2D performance and impact of D2D on WAN. Some observations based on the simulation results are also provided like the followings. 
Observation 1: PUCCH performance gain from employing guard band is negligible, while there is degradation on discovery performance.

Observation 2: PUCCH power boosting can not enhance PUCCH performance. Careful considerations are required if PUCCH power boosting is applied.
Observation 3: Open loop Power control improves PUCCH performance significantly.
Observation 4: By applying resource grouping based on RSRP, we can limit the number of subframes which shows unreliable PUCCH reception and correspondingly it is possible to alleviate the DL scheduling restriction in eNB.
Based on observations above, we propose that open loop power control and/or RSRP based grouping method should be considered for the discovery operation.
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A  Evaluation assumption

	Deployment scenario for the evaluation
	Urban Macro Scenario

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

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

	Carrier frequency
	2.0GHz

	D2D Path loss model
	Agreed assumption

	
	O2O
	PL_B1_tot = max(PLfreespace, PL_B1), where
· Winner+ B1 pathloss (PL_B1) with:

· hBS = hMS = 1.5m
· hBS’ = hMS’ = 0.8m

· LOS offset = 0 dB
· NLOS offset = -5 dB

	
	O2I
	LOS: PL_B1_tot(dout+din)+20.0+0.5(din
NLOS: PL_B1_tot(dout+din)+20.0+0.5(din-0.8(hMS,

where din for virtual indoor UE is 1.5m

	
	I2I (same building)
	LOS: PL = 16.9(log10(d) + 32.8 + 20(log10(fc)
NLOS: PL = 43.3(log10(d) + 11.5 + 20(log10(fc)

	
	I2I (different buildings)
	PL = 43.3(log10(d) +11.5 + 20(log10(fc) + 40

	
	LOS Probability
	PLOS=min(18/d,1)((1-exp(-d/36))+exp(-d/36) 

except I2I different building case

	Shadowing
	I2I (same building)
	LOS: 3 dB log-normal

NLOS: 4dB log-normal

	
	O2O, O2I
	7 dB log-normal

	
	I2I (different buildings)
	10 dB log-normal

	Small scale fading
	Not applied

	RSRP calculation
	UE Tx power – (Path loss + Shadowing)

	UE Noise Figure
	9 dB

	UE TX power
	23 dBm

	UE drop
	According to agreed assumptions [5]

	In-band Emission
	As agreed in [4] and {0,0,0,0} in [2]

	Network synchronization
	eNBs are synchronized each other
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