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1
Introduction

In this contribution we discuss resource allocation for Type1 discovery. Type 1 discovery has been defined as [2]

· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· Note: Resources can be for all UEs or group of UEs

Therefore a resource selection mechanism needs to be defined for UEs participating in Type 1 discovery. Several proposals have been made for such resource selection mechanisms [1][3][4][5][6]. In this contribution we compare the proposed designs.

· In Section 2 we compare energy based selection with random resource selection

· In Section 3 we compare the different variations of random selection
· In Section 4 we conclude the contribution

2
Random versus Energy Based Resource Selection

Energy based selection has been proposed by us in [1]. It has also been studied in [4][6]. A UE listens for one discovery period and calculates the received energy on each discovery resource unit. It then ranks the discovery resource units in order of their received energy and selects the resource unit with a low received energy. More specifically, a UE can consider the set of resources with received energy in the lowest y percentile and can select randomly among the set. The UE will transmit on its selected resource every discovery period. Note that resource selected is a logical resource and the corresponding physical resource will hop across discovery periods [1].

Random selection has been proposed by several companies [3][6]. Every discovery period a UE randomly selects a discovery resource and transmits on the selected resource.

While random resource selection is a simple scheme, energy based resource selection offers several advantages. Energy based resource selection is deterministic, i.e., a UE transmits on the same resource every discovery period. A UE receiving discovery signal can use this deterministic behaviour to coherently combine received signals across multiple discovery periods. This will increase the number of devices being discovered. 

To compare the scheme we simulated both the schemes. The simulation used layout Option 1 and Option 3 agreed to at RAN1 [2]. In the simulations 64 sub-frames are allocated every discovery period of 10 seconds. 

Figure 1 shows simulation results for Option 1. Figure 1(a) shows the average number of UEs discovered as a function of number of discovery periods. The advantage of energy based selection is clearly illustrated. During the first discovery period energy based selection discovers 4% more UEs compared to random selection. This advantage of energy based selection increases with the number of discovery periods. After 40 discovery periods energy based selection has discovered 19% more UEs compared to random selection. Here we are combining across at most 4 discovery periods. Figure 1(b) plots the CDF of time between consecutive discoveries of a UE. The figure shows that energy based selection has much better tail behaviour. For energy based selection the 90th percentile point is 2 discovery periods compared to 3.3 discovery periods for random selection.
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Figure 1: Performance comparison of random selection and energy based selection (Option 1)
Figure 2 shows simulation results for Option 3. The advantage of energy based selection in terms of number of UEs discovered and better tail behaviour for time taken between consecutive discoveries is illustrated again.
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Figure 2: Performance comparison of random selection and energy based selection (Option 3)
Based on the results in Figure 1 and Figure 2 we make the following observations.

Observation 1: Energy based selection with deterministic hopping allows receiving UEs to coherently combine signals across multiple discovery periods. This allows the scheme to discover many more UEs with better tail behaviour in terms of time between consecutive discoveries of a UE. 
One feature of discovery (and potentially D2D communication in general) is that the total energy received by a UE can very significantly from sub-frame to sub-frame. Figure 3 plots the CDF of total received energy on discovery sub-frames. The simulations used layout Option 1. The plot shows that the total energy received can have a variation of up to 70dB from sub-frame to sub-frame. This makes setting the AGC gain for a sub-frame harder. 
As discussed earlier energy based selection is deterministic. Furthermore our proposed hopping algorithm is also deterministic. This deterministic behaviour can be exploited by a UE to predict the amount of total received power in a sub-frame and set the AGC gain accordingly. Figure 3 also plots the CDF of error in predicting the total received power using by exploiting the determinism. It can be seen that the predicted error is 90% of the time within 5dB of the actual error and almost always within 10dB of the actual error.
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Figure 3: CDF of the received discovery signal strengths

Random selection offers no such advantage. If random selection is used, the AGC gain setting mechanism of a UE needs to manage such large variation without any ability to predict.
Observation 2: Determinism in energy based selection and hopping allows prediction in the total received energy on a sub-frame thus making AGC gain setting much simpler.
Currently random selection is favoured by several companies in RAN1 due to its simplicity. Based on this, we propose random selection as a baseline. However, given the advantages of energy based scheme illustrated above energy based selection should also be considered.
Proposal 1: Random selection is used as a baseline for resource selection. Energy based selection should also be considered.

3
Variations to Random Selection 

Several variations to random resource selection have been proposed [3][4][5]. In this section we simulate the performance of these variations compared to baseline random selection.
3.1 Random Selection with Probabilistic Transmission

In [3][4] a simple scheme to reduce contentions on the discovery resources is introduced. In the scheme the discovery signal is transmitted in a probabilistic way. Every discovery period a UE decides whether to transmit with probability p. If a UE decides to transmit, it will randomly select a resource to transmit on. It has been argued that this reduces the amount of interference in the system and leads to discovery of more UE overall.
We show simulation results for Option 1 in Figure 4. In our simulations 29 sub-frames were allocated for discovery in a discovery period of 10 seconds. Figure 4(b) shows the average number of UEs discovered over time for different values of p. We find that initially the baseline scheme discovers more UEs but with more discovery periods using probabilistic transmission seems beneficial. There is around 5% gain after 40 discovery periods. However this gain comes at a cost. This is illustrated in Figures 4(a) and 4(c). Figure 4(a) shows the probability of discovery with pathloss after the first discovery period. Up till a pathloss of 90dB baseline random selection has roughly double the probability of discovery compared to random selection with probabilistic transmission with p=50%. Note that while higher latency maybe acceptable for UEs those are not in close proximity, higher latency may not be acceptable for UEs in close proximity. Figure 4(c) shows the CDF of number of discovery periods between consecutive discoveries of a UE. Baseline random selection CDF stochastically dominates the CDF of random selection with probabilistic transmission. For example at the 50th percentile point the delay for baseline random selection is 1.7 while the delay for random selection with p=50% probabilistic transmission is 2.4. 
   [image: image6.png]Discovery versus pathloss: discovery period 1

Probability of discovery
o o o
S ) ©

o
N

—Random selection

——Random selection p = 75%
—— Random selection p = 50%
—— Random selection p = 25%

o0

80 100 120 140 160
Pathloss{dB)




(a)                                                                                          

[image: image7.png]Average number of UEs discovered

250

200

150

100

50

Number of discovery periods

—Random selection
——Random selection p = 75%
— Random selection 50%
—— Random selection p = 25%

0 10 20 30 40



   [image: image8.png]CDF

Empirical CDF

—Random selection

0.2 —— Random selection p = 75%
—— Random selection p = 50%
—— Random selection p = 25%

0 10 20 30
Number of discovery periods

40
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Figure 4: Random selection with probabilistic transmission
Based on these results we make the following observations.
Observation 3: Probabilistic transmission of discovery signals can slightly improve the number of discovered UEs with time but it comes at a cost of increase in latency of discovery. This latency increase is especially harmful for UEs in close proximity.
3.2 Random Selection with Power Hopping
Power hopping with random selection is proposed in [5]. The idea is to back off the transmit power from time to time in a pure random or pseudo random way. A UE transmits at decreased power P2 during some discovery periods; while during other discovery periods it transmits at full power (P1 = 23dBm) so that it can be properly discovered by other UEs. Resource for transmission is still selected using random selection. 

We show simulation results with for power hopping for Option 1 in Figure 5. A UE while transmitting will pick between maximum transmit power and reduced transmit power with probability 50%. We varied the value of P​2 from 13dBm to -17dBm. Figure 5(a) show the probability of discovery versus the path loss after one discovery period. From Figure 5(a), clearly we can see that the probability of discovery is lower for smaller values of P2. In other words a smaller number of UEs in proximity are discovered with power hopping. Figure 5(b) shows the average number of UEs discovered as a function of discovery periods. We find that initially baseline random selection does better. However with time, for smaller values of P2 (-7dBm, -17dBm) there is a minor performance improvement compared to baseline random selection. In Figure 5(c) we plot the CDF of the number of number of discovery periods between consecutive discoveries of a UE. Our results show that baseline random selection’s CDF stochastically dominates CDF of random selection with power hopping. 
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Figure 5: Random selection with power hopping
Based on these results we make the following observations.
Observation 4a: Whether power hopping is able to provide a gain over baseline random selection depends on the value of reduced power (P2). 

Observation 4b: Power hopping is likely to cause a delay in the discovery of UEs that are in close proximity compared to baseline random selection.

 Observation 4c: Time between consecutive discoveries of a UE is likely to be higher for power hopping compared to random selection.

3.3 Random Selection with Grouping-Based Allocation
In [4], a grouping-based modification to random resource allocation mechanism has been proposed. The basic idea is to equally divide UEs into multiple groups and each group of UEs transmit only during a predefined subset of discovery periods using random selection. The subsets associated with groups are disjoint. This is illustrated in Figure 6 (taken from [4]) where UEs are divided into two groups. Each group transmits in every other discovery period. UEs associated with group 1 transmit in discovery periods with light brown colour while UEs associated with group 2 transmit in discovery periods with light blue colour. It is argued that such a scheme is especially beneficial when the number of discovery resources is limited. However, as should be clear from Figure 6, each group will experience twice the latency in discovery. We verify this latency argument by system-level simulations in layout Option 1.
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Figure 6: UE Groups based discovery period/resource configuration

We simulated the scheme for 16 sub-frames per discovery period of 10 seconds. The number of groups was set to 2. Figure 7 shows the results for 16 sub-frames, which is consistent with the configuration in [4]. Figure 7(b) is essentially a reproduction of results shown in [4]. The results show that the grouping-based allocation increases the number of UEs discovered.  However as with power hopping and probabilistic transmission this gain comes at the expense of delay as is shown in Figure 7(c) which plots the CDF of number of discovery periods between consecutive discoveries of a UE. Grouping increases the amount of latency between discoveries significantly. Figure 7(a) plots the probability of discovery versus pathloss for the first discovery period. We find that the probability of discovery is almost double for baseline random selection compared to grouping-based selection up till a pathloss of 80dB. In other words grouping-based selection can cause discovery of UEs that are in close proximity to be severely impacted.
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Figure 7:  Comparison between grouping-based and baseline random selection resource allocation mechanisms. 
Based on these results we make the following observations.
Observation 5a: Grouping-based allocation is able to provide a gain over baseline random selection when the number of discovery resources is small. 

Observation 5b: Grouping-based allocation is likely to cause a delay in the discovery of UEs that are in close proximity compared to baseline random selection.

 Observation 5c: Time between consecutive discoveries of a UE is likely to be much higher for grouping based allocation compared to random selection.
4
Conclusion

In this contribution we compared random selection with energy based allocation. We made the following observations.
Observation 1: Energy based selection with deterministic hopping allows receiving UEs to coherently combine signals across multiple discovery periods. This allows the scheme to discover many more UEs with better tail behaviour in terms of time between consecutive discoveries of a UE. 

Observation 2: Determinism in energy based selection and hopping allows prediction in the total received energy on a sub-frame thus making AGC gain setting much simpler.

Based on these observations and the support for random selection we made the following proposal.

Proposal 1: Random selection is used a baseline for resource selection. Energy based selection should also be considered.

We also studied different variations to random selection. We made the following observations.

Observation 3: Probabilistic transmission of discovery signals can slightly improve the number of discovered UEs with time but it comes at a cost of increase in latency of discovery. This latency increase is especially harmful for UEs in close proximity.
Observation 4a: Whether power hopping is able to provide a gain over baseline random selection depends on the value of reduced power (P2). 

Observation 4b: Power hopping is likely to cause a delay in the discovery of UEs that are in close proximity compared to baseline random selection.

 Observation 4c: Time between consecutive discoveries of a UE is likely to be higher for power hopping compared to random selection.

Observation 5a: Grouping-based allocation is able to provide a gain over baseline random selection when the number of discovery resources is small. 

Observation 5b: Grouping-based allocation is likely to cause a delay in the discovery of UEs that are in close proximity compared to baseline random selection.

 Observation 5c: Time between consecutive discoveries of a UE is likely to be much higher for grouping based allocation compared to random selection.
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