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1
Introduction

In this contribution we discuss resource allocation for discovery. We focus on Type 1 discovery. Note that RRC based resource allocation for Type 2 discovery has been agreed to by RAN2 [2].

Based on LS response on discovery MAC PDU size [1], the size of a MAC PDU is likely to be higher than the 104 bits agreed to as the working assumption by RAN1. Given this increase in size, we discuss the correct size for a discovery resource.

Random selection has been agreed to as a baseline for Type 1 discovery resource selection. Several other variations to random selection have been proposed. In this contribution we compare those variations with the baseline scheme.
The contribution is organized as follows.
· Section 2 discusses the size of a discovery resource.
· Section 3 compares baseline random selection with other resource selection schemes.
· Section 4 concludes the contribution.
2
Discovery Resource Size
RAN1 has agreed that for Type 1 discovery [2]

· Working assumption: Resource allocated for discovery within one period of the allocation are TDM and/or FDM into equal sized time-frequency resource blocks that are called “discovery resource”.

· Working assumption: A discovery resource has a duration of not less than 1ms and is used for a single transmission of a given discovery MAC PDU by a UE

·  If required by the final decision on MAC PDU size, discovery resource duration can be greater than 1ms. 

· In this case the duration would be a multiple of 1ms and consist of consecutive sub-frames with resource allocation for discovery.
· TDD special sub-frame is FFS.

It has been further agreed that [2]

· Working assumption for further evaluation: Discovery transmissions can transmit a MAC PDU of 104 bits.
However we note that LS response on MAC PDU [1] indicated that the number of bits in a MAC PDU to be at least than 192 bits. Depending on the response from at least SA3 some more bits are likely to be added to the MAC PDU size. 

Given this increase in size the number of bits the correct size of a discovery resource needs to be evaluated. In this contribution we set the size of a MAC PDU to be 256 bits. The final number is likely to be around this.
We simulated the system level performance of Type 1 discovery for different sizes of a discovery resource. More specifically we simulated the performance of discovery when a discovery resource’s size is 1 PRB, 2 sub-frames and 2 PRBs, 1 sub-frame and 1 PRB, 1 sub-frame. We also simulated the case when a discovery resource consists of 4 PRB, 1 sub-frame. For simplicity those results are not presented here.

In our simulations 64 sub-frames were reserved for discovery every 10 seconds. Within each sub-frame 44 PRBs were used for discovery transmission. For resource selection, the baseline scheme where each UE randomly selects a discovery resource every discovery period is used. Both Layout Options 1 and 3 were simulated. The details of simulation parameters used are agreed in [2]. For in-band emissions {W, X, Y, Z} were set to the worst case of {0, 0, 0, 0}.
Figure 1 shows the average number of UEs discovered for Layout Option 1 and 3. First, the results in Figure 1 show that discovery resource size of 2 PRBs, 1 sub-frame shows considerable performance advantage compared to discovery resource sizes of 1 PRB, 1 sub-frame. Second, Figure 1(a) shows that initially a discovery resource size of 2 PRBs, 1 sub-frame performs better compared to 1PRB, 2 sub-frames. However after 40 discovery periods both discover similar numbers of UEs. Figure 1(b) shows that a discovery resource size of 2-PRBs, 1 sub-frame consistently shows considerable performance advantage compared to the scheme based on 1 PRB, 2 sub-frames. For example, the 2PRBs, 1 sub-frame scheme discovers 43.1% more UEs after 40 discovery periods. Additional simulation results (not shown here) without in-band emissions show that the reason for performance benefit with 2 PRBs, 1 sub-frame transmissions is mostly that 1 PRB, 2 sub-frames transmissions suffer significantly from in-band emissions.

Based on these results we propose that a discovery resource size be 2 PRB, 1 sub-frame. In the rest of this contribution we will use this as the discovery resource size.

Proposal 1: Discovery resource size should be 2 consecutive PRBs in frequency, 1 sub-frame in time.

   [image: image1.png]Average number of UEs discovered

220

200

180

160

140

120

100

80,

——1 PRB, 2 sub-frames
——2 PRBs, 1 sub-frame
——1 PRB, 1 sub-frame

10 20 30 40
Number of discovery periods



  [image: image2.png]Average number of UEs discovered

1200

1000

800

600

400

200

——1 PRB, 2 sub-frames
——2 PRBs, 1 sub-frame
——1 PRB, 1 sub-frame

10 20 30 40
Number of discovery periods




(a)                                                                                      (b)
Figure 1: Performance with different discovery resource size for Layout (a) Option 1 (b) Option 3 
3
Resource Selections for Type 1 Discovery
During RAN1#76 several agreements were made for Type 1 resource selection. It was agreed that

Baseline: For each discovery period, a UE can transmit on a randomly selected discovery resource.
Further to this baseline it was agreed the following options.

Working assumption: For Type 1discovery, further to the baseline random selection of a discovery resource agreed to above, the following FFS options can be further studied: 

· Repetition (either contiguous or non-contiguous) of transmission of a given MAC PDU by a UE within a discovery period is FFS. If supported: 

· FFS between:

· The UE performs random selection only for the first discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU. The other discovery resources are deterministically associated with the first discovery resource.

· The UE performs random selection for each discovery resource in the set of discovery resources that can be used for the repeated transmissions of the MAC PDU.

· The maximum number of repeated transmissions is FFS.

· A UE’s transmission on a discovery resource (or on a set of discovery resources if repetition is supported) can be based on:
· Option 1: Transmitting UE’s transmission period and offset.
· Option 2: Fixed or adaptive transmission probability derived from a pre-configured/configured nominal transmission probability.
· Others.
· The study can include the number of discovered UEs and latency as metrics.
In this section we compare the performance of these variations compared to baseline selection.

3.1 Random Selection with Probabilistic Transmission

We first study random selection with probabilistic transmission. In [3][4] a simple scheme where every discovery period a UE decides whether to transmit with a probability p. If a UE decides to transmit, it will randomly select a resource unit. The transmission probability p could be fixed or adaptive [5].
We compared the different probabilistic transmission schemes with fixed and adaptive probability with the baseline scheme. In the baseline scheme a UE selects a discovery resource every discovery period, i.e., p=100%. For fixed probabilistic transmission, we simulated p=75%, 50% and 25%. For adaptive probabilistic transmission we simulate the following two schemes. The first one is based on an additive basis, i.e. p will increase by 0.1 if a discovery signal is not transmitted in the last discovery period and otherwise it will increase itself by 0.4 if a discovery signal is transmitted in the last discovery period [5]. The second one is based on the idea of additive-increase/multiplicative-decrease (AIMD) [6], which has been widely used in TCP protocol stack. The idea is to slowly increase the probability p while quickly dropping it to reduce the contentions from discovery signals from all UEs.
We show simulation results for Layout Option 1 in Figure 2, where 64 sub-frames are allocated for discovery within every discovery period. The remaining details are as described in Section 2. Figure 2(b) shows the average number of UEs discovered over time. We find that initially the baseline scheme discovers more UEs but with more discovery periods using probabilistic transmission (with adaptive and fixed probability) yields a minor performance improvement. There is only around 1% gain after 40 discovery periods. However this gain comes at a cost. This is illustrated in Figures 3(a) and 3(c). Figure 2(a) shows the probability of discovery with pathloss after the first discovery period. Up till a pathloss of 90dB baseline random selection has roughly 150% the probability of discovery compared to random selection with probabilistic transmission with p=50%. Note that while higher latency may be acceptable for UEs those are not in close proximity, higher latency may not be acceptable for UEs in close proximity. Figure 2(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 time interval for baseline random selection is 1.7 while the delay for random selection with p=50% probabilistic transmission is 2.3. On the other hand, we notice that adapting the probability p does not seem to improve the discovery performance. We also notice that the adaptive scheme based on AIMD consistently shows a small performance gain compared to the additive adaptive scheme.
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(b)                                                                                                (c)

Figure 2: Random selection with fixed and adaptive probabilistic transmission
Based on these results we make the following observations.
Observation 1: Probabilistic transmission where probability of transmission is fixed or adaptive can slightly improve the number of discovered UEs with time. However this improvement comes at a significant increase in the latency of discovery. This latency increase is especially harmful for UEs in close proximity. 

3.2 Repetition of Discovery Signal Transmissions

Multiple re-transmissions of discovery signals within a discovery period have also been suggested as an enhancement to the baseline scheme [2]. Here, there are two variations. First, all the resources used for re-transmissions are randomly selected. (Two transmissions cannot be on the same sub-frame though.) Second, the resources used re-transmissions are deterministically linked to the first resource used for transmission. This deterministic linking allows the resources to be combined together, leading to better link budget.
The second scheme was implemented as follows. Suppose within each discovery period a maximum of J repetitions are allowed. The sub-frames reserved for discovery are partitioned J equal sized groups. Each UE will randomly select discovery resource in the first group, and the discovery resources selected in the remaining (J-1) groups are linked deterministically to the resource in the first group. The resources are in the remaining (J-1) groups are linked while taking into account the half duplex constraint and in-band emissions. For example let J=2, and number of sub-frames reserved for discovery within a period be 2M. Then each group consists of M sub-frames. Within each sub-frame L resources are available for discovery. Now, if a UE first transmits on resource (i,k). Here i is the frequency index of discovery resource and k is the sub-frame number within the first group (so k varies from 0 to M-1). Then the second time, the UE should transmit on resource (i2, k2) such that 

                                                         k2 = ((i+k) mod M) + M, and i2= (i+20) mod L.
This minimizes the number of times two UEs that transmit on the same sub-frame in the first transmission transmit on the same sub-frame a second time. 
We show the simulation results for Layout Option 1 in Figure 3 and Option 3 in Figure 4, where 64 sub-frames in total are allocated within each discovery period. The remaining details are as described in Section 2. We observe that repetition significantly impacts the number of UEs being discovered. For example in Figure 4(a) the repetition schemes can only discover 40.0% fewer UEs compared to the baseline scheme without repetition. We also notice that the performance difference between the two repetition schemes is small. Figure 3(b) and Figure 4(b) show the CDFs of number of discovery periods between consecutive discoveries of a UE. We can see that both repetition schemes did reduce the number of discovery periods between consecutive discoveries of a UE. For example in Figure 3(b) at the 50th percentile point the delay for baseline random selection is 1.7 while the delay for repetitions is 1.3.
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(a)                                                                                                (b)

Figure 3: Performance comparison of repetition schemes for discovery signal transmission (Option 1)
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(a)                                                                                                (b)

Figure 4: Performance comparison of repetition schemes for discovery signal transmission (Option 3)
We can see that both repetition schemes suffer from increased contentions and thus discover fewer UEs. To resolve this issue, we combine the idea of repetition and probabilistic transmissions. Basically, a vector p is specified as the probabilistic transmission vector, where the jth entry of p is the probability that the jth repetition of the discovery signal will be transmitted. 

The results are shown in Figure 5 for Layout Option 1, where 64 sub-frames are allocated in each discovery period. With p= (50%, 50%), the scheme discovers fewer UEs in the beginning but ends up discovering slightly more UEs after 10 discovery periods in Figure 5(a). In Figure 5(b) we can see that under 55th percentile point the delay for the proposed scheme is slightly better than the baseline while above 55th percentile point the delay for the baseline scheme is slightly better. In Figure 5 we can see that with different choices of the probability vector p, different trade-offs between the number of UEs discovered and the latency of discovery can be achieved.
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Figure 5: Performance comparison of repetition with probabilistic transmission scheme for discovery signal transmission (Option 1)
We make the following observation:

Observation 2: Repetition of discovery signals within one discovery period can lead to loss in number of UEs being discovered but can lead to decrease in the number of discovery periods between consecutive discoveries. Combining probabilistic transmissions with repetition can give more flexibility in the trade-off but cannot improve both the metrics.
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 32 sub-frames and 64 sub-frames per discovery period of 10 seconds. The number of groups was set to 2. Figure 7 and 8 show the results for 32 sub-frames and 64 sub-frames respectively. Figure 7(b) shows that with 32 sub-frames per period, the grouping-based allocation increases the number of UEs discovered by a small percentage. However as with 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. Figure 8(b) and (c) show that with 64 sub-frames per period, the grouping scheme only discovers marginally more UEs than the baseline scheme, while introducing longer delay. And Figure 8(a) shows similar results as Figure 7(a). This indicates that with a large number of discovery sub-frames, the grouping scheme performs worse than the baseline scheme. 
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Figure 7:  Comparison between grouping-based and baseline random selection resource allocation mechanisms (with 32 discovery sub-frames per period) for Option 1. 
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Figure 8:  Comparison between grouping-based and baseline random selection resource allocation mechanisms (with 64 discovery sub-frames per period) for Option 1. 
Based on these results we make the following observations.

Observation 3: Grouping based resource selection can improve the number of discovered UEs slightly when the number of discovery resources is small. However this improvement comes at a significant increase in the latency of discovery. This latency increase is especially harmful for UEs in close proximity.
4
Conclusion

In this contribution, we studied different resource sizes for discovery. We made the following proposal.
Proposal 1: Discovery resource size should be 2 consecutive PRBs in frequency, 1 sub-frame in time.

We also compared different resource selection schemes with the baseline random selection scheme. We made the following observations.
Observation 1: Probabilistic transmission where probability of transmission is fixed or adaptive can slightly improve the number of discovered UEs with time. However this improvement comes at a significant increase in the latency of discovery. This latency increase is especially harmful for UEs in close proximity. 

Observation 2: Repetition of discovery signals within one discovery period can lead to loss in number of UEs being discovered but can lead to decrease in the number of discovery periods between consecutive discoveries. Combining probabilistic transmissions with repetition can give more flexibility in the trade-off but cannot improve both the metrics.
Observation 3: Grouping based resource selection can improve the number of discovered UEs slightly when the number of discovery resources is small. However this improvement comes at a significant increase in the latency of discovery. This latency increase is especially harmful for UEs in close proximity. 

Based on these observations we make the following proposal.
Proposal 2: No enhancements to the baseline resource selection where each UE randomly selects a resource to transmit on every discovery period are needed.
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