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1 Introduction

At the RAN1 #74 meeting, the following was agreed regarding Type 1 D2D discovery [1]:

· Periodic uplink resources are allocated for discovery in a semi-static manner

· For in network allocation can be performed using RRC signaling

· Discovery resources within one period of the allocation are divided into time-frequency resources

· Division can be at least FDM and/or TDM

· UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint. 
In addition, during the RAN1 #74bis meeting, the following working assumption was made for purpose of evaluations [2]:
· Discovery message transmission resource configuration consists of a number of subframes and a discovery period, and FFS a number of PRBs
· The number of discovery subframes and the discovery period may be semi-statically configured at least when in coverage

· Individual discovery message transmission resources are not CDM 

· All individual discovery message transmission resources are the same size 
In this contribution, we study different discovery resource selection approaches for Type 1 discovery as a function of discovery resource size, and their performance without and with the application of various interference controlling mechanisms. Our views on the overall resource allocation for D2D discovery are presented in our companion contribution [3].
2 D2D Discovery Resource Selection
According to Type 1 discovery procedure, a pool of time-frequency resources, defined as a D2D Discovery Zone (D2D DZ), are allocated on a non-UE-specific basis for transmission of discovery signals. With knowledge of the configuration of the D2D DZ, ProSe-enabled UEs participating in Type 1 D2D discovery select resources in a distributed manner from within the configured D2D DZ for transmission of discovery signals.
Assuming a synchronous discovery operation, two basic approaches are considered for further study in this contribution:
1. Greedy resource selection: UEs scan the entire D2D DZ and listen on individual discovery resosurces. They select the resource on which they measure the lowest received power. Once a resource is selected, a pre-defined time-frequency hopping is used to map resources from one D2D DZ to the next so as to alleviate impact from half-duplex constraints, realize frequency diversity benefits, reduce impact from in-band emissions, etc. 

2. Random resource selection: UEs randomly select individual discovery resources from within each D2D DZ and transmit on the selected resource.
The motivation of the greedy resource selection can be easily understood, i.e., UEs select the resource with lowest received power so as to avoid transmission on resources that are already occupied by other discovery signal transmissions, and thereby can provide good discovery range performance. While this approach may be intuitively appealing, there are certain practical challenges that need to be addressed. Some of the important ones are listed below:
i. If more than one geographically colocated UEs scan the DZ at the same time, they may see the same set of resources with lowest received power, and even though the probability of consistent collisions may be reduced by trading off some of the efficiency of the greedy approach, e.g., by randomly selecting a resource from the set of resources with lowest x percentile received power, a significant probability of consistent collision still exists for moderately to heavily loaded systems as long as x is not sufficiently large; while, on the other hand, an increase in x degrades the benefits of the greedy approach.
ii. As a consequence of the above challenge, if two or more UEs select the same discovery resource for transmission, they would follow the pre-defined time-frequency hopping of the resources from one D2D DZ to the subsequent one, thereby resulting in consistent collisions.

iii. While a pre-defined time-frequency hopping facilitates combining of discovery signals received across multiple D2D DZs at discovering UEs, the gains from such combining fail to materialize in the event of consistent collisions.

iv. The measurements during the scanning phase are also sensitive to practical non-idealities such as interference arising from in-band emissions, i.e., it may be difficult for a scanning UE to distinguish a discovery resource as being actually occupied or just subject to interference from in-band emissions from transmissions from UEs on other resources that may be multiplexed in the frequency domain (FDM-ed) during that particular D2D DZ.
One approach, proposed in [4], to address the main challenge #i. above recommends that UEs randomly skip transmission on certain D2D DZs, re-scan the available discovery resource pool, and switch to a different discovery resource if the received power on the new resource is lower than the current one. Although it may help in reducing the number of consistent collisions described above, it significantly impacts the practicality of accumulation of received discovery signals at discovering UEs that would have to somehow sense and correctly detect when the transmitting UE has abandoned this discovery resource so that the receiver should stop accumulation.
Compared to the greedy minimum received power based resource selection, the random resource selection procedure is a much simpler and robust scheme whereby UEs randomly select resources in each D2D DZ. The inherent randomization helps combat half-duplex constraints, frequency selectivity and helps randomize the impact from in-band emissions. While the basic random resource selection approach does not facilitate combining of multiple copies of the same discovery signals, it should be noted that such combining approaches may prove helpful only for cases that are more noise- than interference-limited.

In the following section we present system-level simulations to compare these two resource selection methods for Type 1 discovery considering different choices of individual discovery resource size and application of interference controlling mechanisms.

3 System-level Analysis
In this section, we consider Type 1 discovery procedure and compare the two resource selection methods described in Section 2. The following three discovery resource sizes are considered for the evaluations:
1. Discovery resource size of 1 PRB-pair

2. Discovery resource size of 2 PRB-pairs, using 1x2 mapping (PRB x TTI)
The discovery procedure is evaluated for the RAN1 WG-agreed within network coverage scenario: General scenario (Option 1) with 500m ISD and one indoor hotzone per macro-cell area considering a 1-tier network (21-cell network with wrap around). User drop methodology and in-band emissions (IBE) were modeled according to latest RAN1 WG agreements. Specifically, IBE was modeled according to the model in TS 36.101 with {W,X,Y,Z}={3,6,3,3}dB.

For simulations, it is assumed that, for a 10 MHz system bandwidth, each DZ spans 44 PRBs in frequency and 30 subframes (30ms) in time. Further, DZs are configured with a periodicity of 10 seconds. Following the RAN1 working assumption a message size of 104 bits with a 24 bit CRC, yielding a combined packet size of 128 bits, is assumed as the total discovery payload size. 20 D2D Discovery Zones (DZs) are simulated for each simulation drop. For the greedy resource selection method, x = 5 percentile is assumed for evaluations.
The average number of devices discovered as a function of time (here, represented in terms of the number of discovery zones) are presented in Figure 1 for the case wherein no interference controlling mechanism is applied. 
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Figure 1. System-level simulation results for Type 1 discovery procedure (w/o any interference control mechanism)
General Scenario (Option 1): 150 UEs per cell, 21 cells, 104+24 bits CRC, 
IBE: TS36.101 with W, X, Y, Z = {3. 6, 3, 3} dB

The following observations can be made from the simulation results for the evaluated schemes:

i. When interference controlling mechanisms are not applied, the random resource selection results in improved performance compared to greedy resource selection. This can be attributed to the impact from consistent collisions between UEs that may have selected the same resources. 
ii. The performance difference between random and greedy resource selection methods is higher for discovery resource size of 2 PRB-pairs (1x2 mapping) compared to that for 1 PRB-pair. This can again be attributed to the impact from increased level of interference and half-duplex constraints that can be quite pronounced in the absence of appropriate interference mitigation techniques.
iii. The performance of greedy resource selection is better by a negligible margin than that for random resource selection in terms of average number of discovered UEs only for the first discovery zone as a direct consequence of the greedy resource selection approach.
Next, we evaluate the resource selection schemes considering application of distributed interference controlling mechanisms. Specifically, we consider random silencing schemes [6]:

Fixed random silencing: According to this random silencing approach, ProSe-enabled UEs participating in D2D discovery can be configured with a silencing probability p (0 ≤ p ≤ 1) that they use to determine whether to transmit on a randomly selected discovery resource within a D2D DZ or not; i.e., in each D2D DZ, each UE transmits its discovery packet with probability (1-p) on the randomly selected discovery resource. In the simulations, p = 0.5 is assumed.

Adaptive silencing: According to this scheme, each ProSe-enabled UE is configured with a nominal silencing factor that it applies for the second discovery zone (note: for evaluations with random silencing, UEs do not employ any silencing during the first discovery zone). For the subsequent discovery zones, the silencing probability to be applied by the UE is incremented or decremented respectively within certain pre-defined lower and upper bounds depending on whether the UE transmitted in the previous zone or not. Specifically, for the current evaluations, the nominal silencing probability is chosen as 0.5, and if a device transmitted in the previous DZ, it increases its silencing probability by 0.4. On the other hand, if the device did not transmit during the previous DZ, it decreases the silencing probability by 0.1. The resulting effective silencing probability for each UE in each DZ is upper and lower bounded by 0.9 and 0.1 respectively.
Given the evaluation results reported in [8] that demonstrate better performance of adaptive silencing compared to the fixed silencing scheme, we present results only with adaptive silencing in Figure 2 for improved readability of the figures.

Additionally, we also evaluate a UE-grouping mechanism as means of interference control [7]. According to this method, UEs are randomly divided into two groups and UEs belonging to each group may only randomly select resources from and transmit on the selected resources occurring within alternating D2D DZs. However, in every D2D DZ, all UEs listen for discovery signal transmissions from other UEs subject to half-duplex constraint. Note that in these simulations such a grouping is performed ideally, i.e., each group consists of exactly half the total UE population under consideration.
The simulation results are presented in Figure 2 below. 
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Figure 2. System-level simulation results for Type 1 discovery procedure (with interference control mechanisms)
General Scenario (Option 1): 150 UEs per cell, 21 cells, 104+24 bits CRC

IBE: TS36.101 with W, X, Y, Z = {3. 6, 3, 3} dB

The following observations can be made from the simulation results for the evaluated schemes:

i. As the interference is controlled via random silencing schemes, both greedy and random resource selection methods result in very similar performance. Similar observations may be expected when the size of the discovery zone is large enough.
ii. The UE-grouping method provides competitive performance compared to silencing schemes for 1 PRB-pair discovery resource size. However, for 2 PRB-pair resource size, it is outperformed by application of the adaptive silencing scheme. The “hard partitioning” approach used in the UE-grouping method can be seen to result in a significantly degraded initial discovery performance.
iii. Comparing the performance without and with interference controlling mechanisms and different discovery resource sizes, the analysis presented here also confirms the conclusion reported in [5], i.e., discovery resource size of 2 PRB-pairs with 1x2 mapping along with appropriate interference controlling mechanisms like the proposed adaptive silencing scheme can provide the best discovery performance amongst the cases considered at the cost of slightly inferior performance during the first few discovery zones.
Based on the above analysis, we propose the following:
Proposal 1: Random resource selection in each D2D DZ should be considered as the baseline for resource selection for Type 1 discovery.
Proposal 2: Distributed interference controlling mechanisms including random silencing schemes should be further studied by RAN1 WG in order to achieve larger discovery range and to facilitate discovery of a large number of UEs in proximity.
4 Conclusions

In this contribution, we presented a study on different resource selection methods for Type 1 discovery considering different discovery resource sizes and applications of different interference controlling mechanisms. Based on the analysis and the system-level evaluations presented, we summarize our views on this topic through the following proposals:
Proposal 1: Random resource selection in each D2D DZ should be considered as the baseline for resource selection for Type 1 discovery.

Proposal 2: Distributed interference controlling mechanisms including random silencing schemes should be further studied by RAN1 WG in order to achieve larger discovery range and to facilitate discovery of a large number of UEs in proximity.
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