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1 Introduction
In this contribution, system-level simulation results for D2D discovery are provided. The topics covered in this contribution include: influence of path loss and the effect of various hopping as well as discovery resource allocation schemes.
2 Simulation assumptions and modeling
The simulations assumptions are aligned with the evaluation methodology agreed at RAN1#73 and are provided in Appendix A. The modeling is as follows: some UL subframes are periodically assigned for discovery only. For the purposes of simulation, it is assumed that one subframe every 100 subframes is assigned for discovery, leading to a discovery overhead of 1%. Each discovery subframe contains several Discovery Time-Frequency Resources (DTFRs). A DTFR is a logical resource where the D2D UE can transmit its discovery signal. It is assumed that there are Ntf=50 DTFRs per discovery subframe, and that a DTFR is a PRB pair. In addition, a discovery cycle is defined as a set of discovery subframes where each UE participating in the discovery process transmits only once. For instance, for a discovery cycle of 100 subframes, each D2D UE will transmit its discovery signal only once. The next discovery signal transmission opportunity will be in the following discovery cycle. A longer discovery cycle leads to a lower number of collisions. Thus, discovery performance is improved. However, the cost is a longer discovery time and/or a larger overhead. 
The following aspects are studied in the contribution:

· Impact of having a random DTFR allocation: in theory, the best DTFR allocation would be an orthogonal one. In practice, such an orthogonal allocation is not possible because it would require a number of resources equaling the number of UEs, thus leading to high overhead. Having an orthogonal allocation requires a central controller assigning resources. As shown later, using a random type of non-orthogonal DTFR allocation
 has minimal degradation compared to an orthogonal allocation. 
· Impact of using time, frequency, power hopping. Time-hopping is used to deal with near-far issues as well as with the half-duplex design for D2D discovery: when a UE transmits, it occupies one DTFR, but cannot detect any other UE that transmitting in the same subframe. Frequency hopping may provide additional diversity on top of receive diversity. Power hopping can mitigate near-far issues. 
· Impact of partitioning discovery resources among UEs. Another way of dealing with the near-far issue is to group users who are close to each other and let them transmit discovery signals on a subset of discovery subframes. The UEs distant to the group (which constitute most of UEs) can discover the UEs in the group without experiencing the near-far issue.
Two scenarios are simulated: 

· Scenario A: this is option 1 from [1]. The fact that many UEs are in buildings causes a strong attenuation on the link between a D2D pair.
· Scenario B: a scenario with only NLOS outdoor UEs. The path loss attenuation is less stringent.

In a sense, these two scenarios can be viewed as extreme cases: scenario A corresponds to a case where a UE is able to discover a small number of UEs, whereas scenario B is a case where a UE can discover a large number of UEs.

In both scenarios, fast fading is not considered since the focus is mostly on resource allocation, where fast fading is not anticipated to have a significant effect. In addition, the discovery statistic values are compiled for the three center cells of the simulation layout.

3 Influence of pathloss in discovery performance analysis
For scenario A, both outdoor and indoor UEs are present, leading to different pathloss models based on the indoor/outdoor location of UEs in the D2D pair. The corresponding discovery range for each pathloss model can be obtained from Figure 1 by considering the point in each curve that is crossed by the blue line. The blue line shows a 138 dB margin obtained from a link budget analysis.

As can be seen from the figure, the discovery range is quite short for indoor UEs (comprising 80% of total UE population) particularly in NLOS conditions. In such a short range, some of the challenges in open discovery might be underestimated when different discovery algorithms are compared against each other. As an example, the near-far issues due to in-band emission and receiver de-sensing might become negligible. So, it is proposed to add scenario B as mandatory for the evaluation methodology since it has a longer discovery range and can provide additional insights. Throughout this contribution, simulation results are provided for both scenarios A and B. As will be seen later, the results and trends are quite different. 
[image: image1.jpg]50|

——o20108
——020NLOS
| ——oziLos
| oanios
| —miLos
121NLOS

00

00

00

1000

1200

1400

1600 1800 2000




Figure 1: Negative pathloss in dB as a function of distance in meters

Proposal 1: Include (NLOS) outdoor model case as mandatory in the evaluation methodology.
4 Random resource allocation performance
In this section, the performances of a random and a DTFR allocation are compared. With random DTFR allocation, a D2D UE randomly chooses one DTFR per discovery cycle. As already mentioned, the orthogonal allocation may not be practical. but it represents an upper bound in terms of number of discovered UEs.

Figure 2 compares the two schemes for both scenarios A and B. It is assumed that the total number of DTFRs per discovery cycle is 3150. For the orthogonal allocation, resources are orthogonalized over a cluster of 21 cells, with 150 UEs per cell. It can be observed that:

Observation 1: The performance gap between random and orthogonal resource allocation is small. 
Observation 2: The number of discovered UEs is small for scenario A

Observation 3: The number of discovered UEs for scenario B is a factor of 7 larger than scenario A.
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Figure 2: Average discovery performance for scenario A (left) and scenario B (right).
Based on these observations, it is apparent that the amount of resources assigned for discovery should vary, depending on the scenario, since there is more than a 7x difference in the number of discovered UEs between scenario A and scenario B. In addition, other parameters, such as UE density, may cause further variations.
Proposal 2: The number of discovery resources is configurable by the eNB. It can be configured by changing the number of discovery subframes within a discovery cycle.

5 Resource hopping
As described earlier, frequency/time hopping could provide performance benefits. In this section, each one is discussed in more detail.

5.1 Frequency hopping
Frequency hopping does not mitigate for the near-far problem. However, it can provide link performance benefits by providing additional diversity. There are two possibilities for frequency hopping:

· Intra-DTFR: in essence, a DTFR is defined as a distributed set of resource elements (REs) over the system bandwidth. The distributed RE allocation may improve the detection compared to a DTFR with contiguous REs. This gain can be quantified by link simulations.

· Inter DTFR: over two consecutive occupied DTFRs, the UE selects different frequency locations.

Both these techniques can provide gain. Inter-DTFR gains may be more difficult to achieve given that a UE transmits infrequently its discovery signal (only once per discovery cycle). Thus, except maybe for stationary UEs, inter DTFR frequency hopping is not anticipated to yield significant gains. For simplicity, throughout this contribution, only a random inter DTFR frequency hopping is considered. 
Proposal 3: Study the impact of frequency hopping on discovery performance.
5.2 Time hopping
The time hopping pattern can be structured or random. A desired feature for a time hopping pattern is to assign different sequences to UEs such that the number of instances where two UEs transmit simultaneously (referred to as time collisions) is minimized. A structured design can fulfill this requirement. However, given that a UE transmits only once per discovery cycle, if the discovery cycle is long enough, it is anticipated that random time hopping will also perform quite well. Here, a structured pattern, described in the following, is compared against the random pattern:

· Structured pattern: This pattern obtains the subframe index for discovery cycle “t” according to 
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Each sequence is characterized by these three parameters 
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, and each UE may select these parameters randomly as an example. This type of pattern was considered for ultra-wideband systems, and is designed to guarantee a small number of collisions [2].

The performance is compared assuming the discovery cycle is composed of 3150 DTFRs. As it can be seen from Figure 3, both structured and random patterns perform similarly. However, it is anticipated that the structured pattern may be able to outperform the random pattern in a very dense environment. Therefore, it is FFS to choose between the two patterns. Given the good performance of random resource hopping, for the rest of contribution, random resource hopping is considered unless mentioned otherwise.
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Figure 3: Average discovery performance with resource hopping for scenario A (left) and scenario B (right).

Proposal 4: A pattern designed to limit the maximum number of collisions or a random pattern can be adopted for the time hopping pattern of discovery signals, and it is FFS to choose between the two.
6 Power hopping
The near-far problem can be a significant cause of degradation for discovery performance: if one signal is received at a much higher power than other discovery signals, this will create significant in-band emissions that could mask the discovery signal of weaker users. In addition, although not considered here, this can cause receiver de-sensing.

One simple solution is to simply having each D2D UE randomly backing off its power from time to time. On some subframes, the UE transmits at full power so that UEs far away can discover it. On other subframes, the UE transmits at a reduced power to reduce in-band interference to its neighbors. Conceptually, this is power hopping.

In this section, the benefits of power hopping are quantified. The UEs randomly selects between two power levels (23 dBm and -7 dBm for these simulations). The results are shown in Figure 4. As it can be seen, power hopping improves the performance for scenario B. Thus, it is recommended to consider power hopping as a discovery technique.
Proposal 5: Power hopping should be considered as a candidate scheme for sending D2D discovery signals.
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Figure 4: Average discovery performance with power hopping for scenario A (left) and scenario B (right).

7 Resource Partitioning

The impact of the near-far issue can be drastically reduced if discovery subframes are partitioned among groups of UEs, such that the UEs in each group are close to each other. How to form/manage these UE groups and how to partition discovery subframes among groups needs further study. 

Figure 5 shows the discovery results for one simple example of UE grouping for scenarios A and B. It is assumed in this example, that the UEs inside each cell form a group, and discovery subframes are equally shared among these groups. For these simulations, 63 subframes per discovery cycle were assumed. Figure 5 shows that resource partitioning achieves faster discovery when the density of UEs is high within the discovery range (scenario B). It should be remarked that the grouping scheme can complement other discovery schemes (e.g. power hopping).
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Figure 5: Average discovery performance with grouping and resource partitioning among groups for scenario A (left) and scenario B (right).
Proposal 6: Grouping UEs that are close to each other and partitioning discovery resources among groups can achieve faster discovery where a large number of UEs are within the discovery range. UE grouping and resource partitioning should be considered as a candidate discovery scheme.
8 Conclusion
In this contribution, we quantified discovery performance for various scenarios and techniques. Based on our results, we propose the following:

Proposal 1: Include (NLOS) outdoor model case as mandatory in the evaluation methodology.

Proposal 2: The number of discovery resources is configurable by the eNB. It can be configured by changing the number of discovery subframes within a discovery cycle.

Proposal 3: Study the impact of frequency hopping on discovery performance.
Proposal 4: A pattern designed to limit the maximum number of collisions or a random pattern can be adopted for the time hopping pattern of discovery signals, and it is FFS to choose between the two.

Proposal 5: Power hopping should be considered as a candidate scheme for sending D2D discovery signals.
Proposal 6: Grouping UEs that are close to each other and partitioning discovery resources among groups can achieve faster discovery where a large number of UEs are within the discovery range. UE grouping and resource partitioning should be considered as a candidate discovery scheme.
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Appendix A

Scenario:
7x3 cells, Urban macro (500m ISD) + {1} RRH/Indoor Hotzone per cell
1) 2/3 UEs randomly and uniformly dropped within the clusters of small cell(s).

2) Remaining 1/3 UEs randomly and uniformly dropped throughout the macro geographical area.

3) 20% UEs are outdoor, and 80% UEs are indoor.
Channel model:

1) O2O pathloss uses Winner+ B1 pathloss (PL_B1) with:

a) h_BS = h_MS = 1.5m

b) h_BS( = h_MS( = 0.8m

c) LOS offset = 0 dB

d) NLOS offset = -5 dB (used to reduce pathloss)

2) Total O2O pathloss is given by PL_B1_tot = max(PLfreespace, PL_B1)

3) O2I pathloss is given by:

a) LOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in

b) NLOS: PL_B1_tot(d_out+d_in) + 20.0 + 0.5*d_in - 0.8*h_MS

4) I2I pathloss: InH in 36.814

	 
	Outdoor to outdoor
	Outdoor to indoor
	Indoor to indoor

	Shadowing
	7 dB log-normal
	7 dB log-normal
	LOS: 3 dB log-normal

NLOS: 4dB log-normal

	Fast fading****
	ITU-R IMT UMi

LOS and NLOS
	ITU-R IMT UMi O2I
	ITU-R IMT InH

LOS and NLOS

	LOS Probability
	P= min(18/d, 1) (1 -exp( -d / 36)) + exp( -d / 36)
	P= min(18/d,1) (1 -exp( -d /36)) + exp( -d / 36)
	ITU-R IMT UMi (for InH)


UE RF parameters:
a) transmit power of 23 dBm
b) 1 Tx, 2 Rx antenna
c) Antenna gain 0 dB
d) Noise figure 9 dB

Carrier Frequency: 2GHz

In-band emissions: According to 36.101, Section 6.5.2.3.
· Channel model:

· Each indoor UE is assumed to have a “d_in” parameter uniformly randomly chosen among 0 and 25m.

· I2I channel model: 

· Let d denote the distance between two indoor UEs, then if:

· d<Z m, ITU InH model is used wherein UE and indoor hot zone are in the same building.

· d≥Z m, ITU InH (NLOS) wherein UE and indoor hot zone are in different buildings with 40 dB penetration loss as specified in 36.814.

· in this contribution it is assumed that Z=60 meters.

� Throughout the contribution, this type of resource allocation is referred to as “random” DTFR allocation.
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