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1 Introduction

At RAN#72, the study item “Further enhanced Device-to-Device communication for wearable IoT and Relays” was approved [1]. At RAN1#88bis, the evaluation methodology for FeD2D scenarios was finalized. Following the agreements reached at the last meeting, we provide FeD2D discovery evaluation results for the defined scenarios. Our views on the FeD2D design aspects are provided in our companion contributions [2]-[9].
2 Evaluation Assumptions

In this section we discuss additional design specific assumptions related to discovery modeling, since it analysis requires considerations on at least pools sizes and discovery mechanisms / UE behavior.
Deployment scenario
For discovery simulations, the Scenario 2 (i.e. MTC-centric) is used. This is motivated by the relevance of the relay discovery procedure in such scenarios comparing to the Scenario 1 where the wearable devices may be linked by higher layer pre-association. Additionally, as per the agreed assumptions, the Scenario 2 has more potential candidates to discover (20-40 relays in Scenario 2 vs. 10 relays per cell in Scenario 1) thus it can be considered as a more challenging setup.
Resource pool configuration
Discovery period is set to 320 ms for all analyzed resource pool configurations. The following PSDCH resource pool configurations are used (please also refer to illustration in Figure 1):

· Pool Configuration 1 (Discovery resources are distributed across wideband): 8 FDMed narrow pools each composed from 6 PRBs by 8 subframes. In total, overall discovery zone has 8 x 8 x 6 = 384 PRBs (192 discovery resources).

· Pool Configuration 2 (Discovery resources are localized in narrowband but distributed in time): In this configuration single narrow-band pool with 6 PRB bandwidth and 64 subframes in time is considered. Overall there are 192 discovery resources.
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Figure 1. Considered PSDCH resource pool configurations.

Power control

Maximum transmit power equal to 23 dBm is applied.
Transmission format
The LTE Rel.12 transmission format with 2 PRBs, QPSK, and 232 bit TBS is used. By default, the number of blind retransmissions per TB is set to 1. Note that for some schemes, the number of transmissions per TB is changed that is indicated separately.
Discovery model

Both discovery Models A and B are analyzed. In case of discovery Model A, all potential eRelay UEs transmit announcement messages in configured discovery resource pools. In case of Model B, it is assumed that an eRemote UE sends a solicitation message in a randomly selected resource pool. The eRelay UEs from proximity ideally receive the solicitation and respond in the next discovery period(s) similar to the Model A announcements. Only one eRemote UE is assumed to perform relay discovery operation within a sufficiently long period within a large area.
Discovery type

UE-autonomous discovery Type-1 is applied, i.e. random selection of the resource pool and transmission resources within the pool.
Decoding capability

It is assumed that an eRemote UE can decode at most three PSDCH transport blocks in one subframe and at most one PSDCH TB at the same frequency discovery resource.

3 System Level Evaluation Results
In this section, we provide evaluation results for identified relay discovery schemes using the agreed scenarios and the design specific assumptions listed in the previous section. In the first subsection, we describe the analyzed discovery schemes, while in the second subsection, we provide the discovery system level performance and power consumption results and draw observations.
3.1 Evaluated Discovery Schemes
The following discovery schemes were evaluated:
· Legacy behavior:
· eRelay UE randomly selects a resource pool for transmission.

· eRemote UE tunes its RX chain to one of the RX pools selected randomly each discovery period.

· Enhanced behavior for discovery Model A: Multi-shot transmission
· eRelay UE transmits in multiple pools in case of resource pool configuration 1. Two configurations are analyzed: 4 transmissions and 8 transmissions in total per discovery zone i.e. across all configured pools of discovery zone. The illustration of the evaluated scheme is shown in Figure 2. Note, that uniform distribution over discovery zones is shown for simplicity, however the multi-shot transmissions may follow any UE-specific time-frequency hopping rule.
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Figure 2. Illustration of multi-shot transmission discovery announcements.
· Enhanced behavior for discovery Model B: Associated solicitation transmission and response transmission resources
· eRelay UE transmits discovery response message in a sub-band / resource pool associated with the resource pool used for transmission by the eRemote UE, i.e. resource pool where solicitation message was sent (see Figure 3). Additional time domain distribution over discovery periods is used as well for analysis of this option.
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Figure 3. Illustration of associated solicitation transmission and response transmission resources.
3.2 Evaluation Results
Model A
First, the results for Model A are analyzed. The legacy behavior is evaluated for both considered pool configurations while the enhanced multi shot transmission across multiple pools is only considered for the pool configuration 1. The number of discovered UEs depending on discovery period index is shown in Figure 4.
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Figure 4. Discovery performance for Model A.

Besides the discovery performance, there is an associated power consumption for eRemote UEs to monitor the discovery resources. The following can be calculated according to the agreed power consumption models (see Table 1):

Table 1. eRemote UE power consumption for different resource pool configurations for Model A.

	
	Pool Configuration 1
	Pool Configuration 2

	Energy spent to monitor one discovery period
	0.4·8 = 3.2 units
	0.4·8·8 = 25.6 units


It can be seen that Pool Configuration 1 is much more energy efficient from eRemote UE perspective due to less number of monitored subframes. On the other hand, it provides lower discovery performance, especially if no enhancements are introduced, that can be explained by low probability of eRemote UEs being tuned to the randomly selected resources by eRelay UEs.
Observation 1

· Pool configuration 2 provides the best discovery performance at the expense of substantially larger power consumption of eRemote UEs.
· For the pool configuration 1, multi-shot transmission across different narrow pools provides better performance comparing to the legacy random transmission.

Model B

For the Model B discovery, only the pool configuration 1 is analyzed. The solicitation and response messages are transmitted as described in the previous section. As a baseline scenario for Model-B, we assume the case when eRelay UE randomly selects resource to deliver response message to eRemote UE. It is also shown in Figure 5 to analyze performance benefits of the considered Model-B discovery enhancements.

Additionally, in order to reduce collision rate due to transmission of responses in the same discovery period within on sub-band, a TDM of responses across discovery periods is evaluated. The TDM approach follows the Rel.12 random silence mechanism with 0.25 probability to transmit in current discovery period.
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Figure 5. Discovery performance for Model B.

Observation 2
· For pool configuration 1, legacy discovery behavior in Model B provides poor performance.

· The enhanced Model B with association of solicitation transmission resources and response transmission resources provides substantial gains comparing to the legacy behavior.

· Additional TDM between response messages across discovery periods can provide further increased number of discovered relay UEs with time.

Another approach to improve Model B discovery is to utilize eNB assistance. For instance eRemote UE can send solicitation message received by eRelay UE. Then eRelay UEs can report to eNB that they have detected eRemote UEs and characteristic of channel quality between eRelay and eRemote UE. Using this information eNB can provide serving eRelay to eRemote UE. This alternative approach can be the most power efficient design choice at least from eRemote UE perspective.
Observation 3
· Model B discovery with eNB assistance can further bring down eRemote UE power consumption and improve candidate eRelay selection process.
4 Conclusions

In this contribution, we provided system level evaluation results for FeD2D relay discovery. The results show that it is beneficial to introduce discovery model specific enhancements, i.e. multi-shot transmission for Model A and associated solicitation and response transmissions for Model B.
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