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1 Introduction
The near-far problem can be a significant cause of degradation for the discovery success rate as discussed in many contributions during recent RAN1 meetings (e.g., [1]). For instance, if one signal is received at a much higher power than the other discovery signals, this will create significant in-band emissions that could mask the weaker discovery signals. The near-far problem may also lead to receiver de-sensing and analog-to-digital-converter saturation. This contribution suggests near-far mitigation schemes to improve the discovery performance as verified by simulation results.

2 Near-far mitigation schemes

The near-far issue has a detrimental impact on discovery because the discovery signals of two UEs are received at a monitoring UE: (a) simultaneously; (b) with a large power difference. This problem is illustrated in Figure 1: if UE B and UE C are transmitting in the same subframe, the in-band emissions from UE B can prevent UE A from successfully receiving the discovery signal from UE C.
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Figure 1. Illustration of the near-far problem.
Simple near-far mitigation schemes can efficiently solve these problems. Two schemes are proposed in this contribution: (1) power hopping (2) partitioned time resources. Power hopping can be viewed as a form of power control, whereas partitioned discovery attempts to allocate transmissions from users with similar power level at the same time. 
2.1 Power hopping
Power hopping mitigates the large difference in received power of two announcing UEs at a monitoring UE by having each announcing UE randomly backing off its power from time to time. In particular, on some subframes, a UE transmits at full power so that distant UEs can discover it. On other subframes, the UE transmits at a decreased power to reduce near-far impact on its neighbors.
2.2 Partitioned time resources
This scheme alleviates the large power difference issue by only allowing UEs that are close to each other to transmit their discovery signals simultaneously. Discovery resources are partitioned in time between sets of UEs, where each set contains UEs in proximity to each other. This solves the problem shown in Figure 1 by ensuring that UE B and UE C are assigned different time resources to transmit and reduces the near-far problem between time resources. In addition, in order to eliminate some remaining near-far problem for UEs sharing the same time resource, UEs transmit from time to time with a lower power spectral density. There are plenty of ways to perform this: power hopping, reducing the probability of transmitting, use of a different discovery resource “shape”. As an example here, we use the technique described in [2]: the discovery resource mostly occupies frequency rather than time resources [2]. For example, a discovery resource can be composed of 72 subcarriers and 2 SC-FDMA symbols instead of 12 subcarriers and 12 SC-FDMA symbols. This reduces the power spectral density, and can help with the near far problem for UEs in close proximity with each other.

Since discovery resource shaping is good for near-far mitigation at the expense of reduced discovery range, this technique is periodically applied (e.g., every 3 discovery periods). Figure 2 shows the structure of discovery resources in different discovery periods, where each color indicates a discovery resource.
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Figure 2: Discovery resource configuration in partitioned discovery.

A small guard time is required (in the order of 20 µs) for switching between transmit and receive modes when resource shaping is used.
3 Simulation results

Figure 3 shows the discovery results for scenario B defined in [1] based on RAN1 agreed simulation assumptions. For the simulations, 63 subframes per discovery period were assumed. Each UE in each discovery period selects its discovery resource randomly. For power hopping, each UE randomly selects between two power levels (23 dBm and -7 dBm). In the partitioned discovery scheme, UEs inside each cell form a set, and discovery subframes are equally shared among these sets. So each UE chooses its discovery resource from the discovery resources allocated to the set the UE belongs to. The resource configuration in each discovery period
 is done based on Figure 2. Compared to the baseline scheme where no power hopping or partitioned discovery is applied, the following observations are made:
Observation 1: Power hopping can improve the discovery success rate after some discovery periods elapsed.
Observation 2: Partitioned discovery can discover most of the discoverable UEs faster. For instance, assuming 1% of subframes allocated for discovery, to discover 1100 UEs, 34 seconds required for partitioned discovery whereas 62 seconds required for the baseline scheme.
Based on the observations, we suggest considering near-far mitigation schemes for D2D discovery.
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Figure 3: Average discovery performance.

Proposal 1: Near-far mitigation schemes should be considered for improving discovery success rate.

4 Conclusion
In this contribution, near-far mitigation schemes are suggested to improve the discovery success rate. The following proposal has been made:

Proposal 1: Near-far mitigation schemes should be considered for improving discovery success rate.
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A discovery subframe within the discovery period is zoomed
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