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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 with the following RAN1 objectives [1]:

	2. Study necessary LTE sidelink enhancements.

a. Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focusing on analysis of wearable use cases [RAN1, RAN2].

b. Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].

c. Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms identified [RAN4].


The discovery enhancements were discussed at the RAN1#88bis meeting with a conclusion to continue discussion at the next meeting.

In this contribution, we focus on discovery design enhancements for wearable and IoT use cases, while our considerations on sidelink synchronization and communication are provided in our companion contributions [5]-[9]. In addition, performance analysis of different discovery enhancement options is provided in [4], showing significant benefits from introducing discovery enhancements for wearable and IoT use cases.
2 Considerations on Discovery Enhancements
The PSDCH channel was introduced for energy efficient sidelink discovery, assuming that terminals can process the whole system bandwidth. This channel is allocated periodically in time with long duty cycle that facilitates UE power efficiency. The FDM of discovery resources enables discovery of multiple transmissions from a single subframe. However, bandwidth limited devices cannot process the whole PSDCH bandwidth and thus existing discovery process can take a long time and even may be inefficient due to random resource selection and thus excessive power consumption. Therefore additional enhancement to discovery process may be necessary for bandwidth limited wearable/MTC devices. In particular, the discovery of the Relay UEs may be time and energy consuming for narrow bandwidth devices and thus additional enhancements should be considered.
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Figure 1: Discovery challenges by bandwidth limited devices.

Note, that since Rel.12 the discovery is not a prerequisite of any D2D communication, and this step may be omitted if Remote UE and Relay UE have the context for establishing communication links. However, for scenarios where the devices are not pre-associated (e.g. MTC scenarios), the relay discovery is an important step in overall operation for wearable and IoT use cases.

2.1 Physical Structure of Sidelink Discovery Channel
The R12 single PSDCH transmission occupies two PRBs that exceeds the bandwidth of low complexity devices with 1 PRB maximum bandwidth capability. In order to support PSDCH discovery by bandwidth limited UEs, the payload size of single PSDCH transmission (which is currently 232 bits) needs to be reduced in order to fit to 1 PRB allocation. Alternatively, the new PSDCH design may be based on transport block mapping to pair of two subframes or using higher order modulation for PSDCH transmission.
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Figure 2: Incompatible PSDCH physical structure for 1 PRB BW limited devices.

Proposal 1
· Introduce a new physical channel format for PSDCH to support discovery by bandwidth limited devices (1 PRB BW)
· FFS design details (e.g. TBS reduction, increased TTI, higher order modulation, etc.)
2.2 Discovery Procedure

As it was mentioned above, the discovery reception process for narrow band devices may be inefficient, especially if wideband PSDCH pools are allocated or multiple discovery pools are configured.
In presence of narrowband (NB) and wideband (WB) devices, the following discovery scenarios may be considered:

· Scenario 1: A WB device discovers a WB device. This scenario can be supported by a legacy Rel.12/13 procedures which are designed for UEs which can process the whole system bandwidth. There is no motivation to further optimize discovery efficiency for this case.

· Scenario 2: A WB device discovers a NB device. This scenario may be a part of Model-B relay discovery procedure when wideband Relay UE first needs to detect a Relay discovery solicitation message from the Remote UE which may be a NB UE. In this case, there is also no issue at the Relay UE side to process the whole bandwidth and find a narrowband solicitation. However, during response phase from Relay UE, there should be alignment in terms of resources utilized by Relay UE (to provide response) and resources monitored by Remote UE in order to avoid unnecessary power consumption at Remote UE side.
· Scenario 3: A NB device discovers a WB device. This scenario covers both Model-A relay discovery through announcements and Model-B discovery response reception. In that case, there is a need to enhance the discovery operation in order to increase the likelihood that narrowband Remote UE monitoring only part of the system bandwidth can efficiently discover Relay UE, which is expected to autonomously select resource for discovery transmission.
· Scenario 4: A NB device discovers a NB device. For current study, we assume that Relay UE is capable to process the whole system bandwidth, thus in order to enable the Relay UE discovery procedure, there is no need to enhance this scenario.
Based on the analysis of the above scenarios from discovery perspective, we argue that enhancements should focus on Scenario 3. In general, the Scenario 3 operation should provide a mechanism for Remote UE to discover target Relay UEs. There are several mechanisms to achieve this goal. We discuss them separately for Model-A and Model-B discovery.
Discovery Model-A in Scenario 3
The Model-A discovery emulates “I’m here” behavior, when a Relay UE may announce its presence and capability to operate as a relay, while the Remote UE can detect the announcement and initiate a communication session. This model is one-step in terms of discovery operation and may not require discovery transmission from the Remote UE. In such operation, it is important that NB Remote UE monitors the part of spectrum used for transmission by Relay UEs. In order to achieve this, the following can be used:
· Legacy behavior. In case of legacy behavior, Remote UE can be configured with RX resource pools to monitor and Relay UE with TX pools, where one of the pools is associated with the RX pool of the Remote UE. In this case, according to current behavior of pool selection for transmission, it will be selected either randomly or using a RSRP criterion. It may happen that Relay UE selected TX pool, which is not monitored by the Remote UE. This may be resolved by configuration of TDM-ed narrow band resource pools which can be monitored by NB Remote UE one-by-one. However, such configuration is inefficient from discovery performance perspective as well as UE power consumption perspective, given that UE will need to stay active for a long period of time.
· Multi-shot Relay UE announcements. This approach assumes a Relay UE is configured either with one wideband pool or with multiple narrow-band pools. A Relay UE then should be allowed to transmit its announcements multiple times in one pool or across all configured TX pools (see Figure 3). Note, that currently there is a possibility to emulate multi-TTI transmission in one pool using different RVs. However, the number of retransmission is limited to four which is not sufficient to cover whole system bandwidth. The benefits from introducing these kind of enhancements are also shown in our companion contribution [4].
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Figure 3: Multi-shot discovery announcements by Relay UE.
Discovery Model-B in Scenario 3
The Model-B discovery emulates “Who is here?” behavior. In this case Remote UE can send solicitation message. This discovery procedure is two-step: a solicitation is sent by a Remote UE and a response is sent by a Relay UE. The first step in the procedure is performed by Remote UE and it fits into Scenario 2 in our above classification, which is not problematic for wideband Relay UE. The second step is performed by potential Relay UEs. The second step may be enhanced similar to the Model A considerations. Additionally, such behavior may allow to link Remote UE reception pool and Relay UE transmission resources (see in Figure 4). The linkage may be achieved by one-to-one mapping or one-to-many mapping rules. The one-to-one mapping may be advantageous from Remote UE perspective since it will need to process only particular discovery resources. However, if there are multiple responses from different Relay UEs, a one-to-many mapping is more appropriate in order to reduce potential collisions on the discovery resources.
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Figure 4: Association of solicitation transmission and response transmission discovery resources.
We note, that there is no knowledge of discovery models at UE access stratum that may prevent introduction of discovery model-specific enhancements. Therefore, discovery model transparent enhancements are aligned with current discovery procedure. On the other hand given that L2 UE-to-NW relaying is being defined by RAN2 WG, it can be considered as an alternative to introduce L2 discovery procedure which is aware of the used discovery model and specify related enhancements.
An alternative relay discovery model may be introduced where the wearable/MTC devices can announce themselves in discovery resources (i.e. transmit discovery) seeking for a response. As a response, the assisting cellular device, e.g. Relay UE can respond in PSCCH/PSSCH resources (i.e. initiate communication session), which is associated/linked with the discovery resource occupied by the wearable/MTC terminal. The linkage between discovery transmission resource and resource for reception for any of sidelink channels can simplify many higher layer procedures when narrow bandwidth sidelink devices are used and can be provided by remote UE in a discovery message itself.
Proposal 2
· Introduce discovery enhancements to support efficient Relay UE discovery for bandwidth limited low complexity UEs
· Study both L2 transparent and L2 non-transparent discovery procedures
· For non-transparent to L2 discovery procedure, consider the following enhancements

· Association of discovery transmission/reception and communication transmission/reception resources

· eNB assistance signaling for efficient discovery procedure of Relay UEs

· For transparent to L2 discovery procedure, consider the following enhancements

· Multi-shot discovery transmissions
· Association of discovery and communication pools for transmission/reception

2.2.1 Consideration on Relay and Remote UE Discovery Activation

Currently a UE may become a Relay UE if its RSRP to eNB is between configured thresholds. However, for activation of Relay UE announcements for wearable use cases, the RSRP based Relay discovery activation is not necessary, since the wearable Remote UE can benefit from relaying operation even if both Relay and Remote UEs have good Uu link quality, given that connection through Relay UE can be made more power efficient at least from Remote UE perspective. However, given that RSRP threshold can be configured to +/- infinite values, its usage may be already precluded by current specification.
The Remote UE relay discovery association can be triggered if Remote UE cellular RSRP is below a configured threshold. In wearable scenarios, there are multiple considerations besides the Uu link quality that may lead to initiation of relay connection, i.e. relative quality of Uu and PC5 links, required service, etc. Therefore, the Remote UE activation by Uu RSRP may be inefficient and should be reconsidered. However, given that RSRP threshold can be configured to +/- infinite values, its usage may be already precluded by current specification.
Currently, the relay is selected by a UE based on PC5 SD-RSRP measurements and higher layer information carried by the discovery messages. The UE selects a Relay with the best SD-RSRP if it fulfils the higher layer conditions. The best SD-RSRP criterion may provide better PC5 link quality, however, such operation does not take into account whether the Relay UE Uu link quality is good enough or better than the Remote UE Uu link quality and whether the relay operation can provide better data rate to the Remote UE. In Rel.13, the Relay link quality is implicitly controlled by the activation RSRP threshold, however, for wearable and MTC use cases, a more explicit knowledge of Relay Uu link quality during relay selection procedure may be needed in order to achieve the FeD2D objectives of optimized energy efficiency.

Proposal 3
· For Relay UE selection, consider additional criteria on Relay Uu link quality to optimize power efficiency of relaying.

2.2.2 Considerations on Discovery Types

Currently, there are two types of discovery: UE-autonomous (Type-1) and eNB-controlled (Type-2B). Both types of discovery may be useful for wearable and IoT use cases. The Type-1 communication is beneficial, since it may not require from UE to be connected to eNB, thus saving its power. The Type-2B operation may be beneficial to better control Remote and Relay UE operation and possibly associate its transmissions and reception resources that is beneficial when one of UEs has limited bandwidth. The eNB-controlled discovery is discussed separately in the next section.
2.3 Discovery Assistance

The network can help to increase efficiency of discovery procedure, if it provides the pairing information for wearable/MTC device and assisting cellular terminal. For instance, the network can be aware which resources are being monitored by wearable/MTC device and provide this information to the assisting cellular terminal or vice versa. This procedure can help to make discovery process more efficient. In principle, the discovery assistance can be implemented following eNB controlled discovery, where discovery resource for transmission is granted by eNB. In considered scenario, eNB can also configure discovery resource to be used for reception. In extreme case, the eNB may help to establish connection between two devices even w/o using legacy sidelink discovery process.
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Figure 5: Discovery challenges by bandwidth restricted devices.

Proposal 4
· Further study eNB assistance signaling to facilitate energy efficient discovery of Relay UEs by bandwidth limited Remote UEs.
3 Summary on Sidelink Discovery
For bandwidth limited terminals, the legacy sidelink discovery procedure is either not efficient in terms of discovery rate or UE power consumption. The discovery procedure may be enhanced with help of eNB assistance (e.g. by providing assistance information in terms of discovery or communication resources to be monitored for reception or used for transmission). The bandwidth limited UEs may perform transmission only, so that their discovery messages are processed by cellular assisting UEs (Relay UEs). It should be noted that the latter approach is not consistent with current UE-to-NW relay discovery procedure, where best Relay UE is discovered by processing PSDCH channel. In addition, the linkage between discovery and communication resources may be needed in order to efficiently establish communication upon discovery event. Based on the discussion, we have following observations relevant to discovery procedure for bandwidth limited UEs:
· Sidelink discovery procedure is not efficient either in terms of discovery rate or power consumption.
· eNB assistance can be used to improve discovery performance, especially for Relay UE discovery procedure.
· Physical structure of PSDCH channel needs to be reconsidered.
· Linkage between discovery and communication resources may help to simplify initiation of fast connection.
Therefore based on the presented analysis, we have following set of proposals on discovery enhancements for wearable and IoT use cases:

Proposal 1
· Introduce a new physical channel format for PSDCH to support discovery by bandwidth limited devices (1 PRB BW)
· FFS design details (e.g. TBS reduction, increased TTI, higher order modulation, etc.)
Proposal 2
· Introduce discovery enhancements to support efficient Relay UE discovery for bandwidth limited low complexity UEs

· Study both L2 transparent and L2 non-transparent discovery procedures

· For non-transparent to L2 discovery procedure, consider the following enhancements

· Association of discovery transmission/reception and communication transmission/reception resources

· eNB assistance signaling for efficient discovery procedure of Relay UEs

· For transparent to L2 discovery procedure, consider the following enhancements

· Multi-shot discovery transmissions

· Association of discovery and communication pools for transmission/reception
Proposal 3
· For Relay UE selection, consider additional criteria on Relay Uu link quality to optimize power efficiency of relaying.
Proposal 4
· Further study eNB assistance signaling to facilitate energy efficient discovery of Relay UEs by bandwidth limited Remote UEs.
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