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1. Introduction

According to the latest SID of Further enhancement on D2D [1], one major objective is to study  necessary LTE sidelink enhancements for the Layer 2 evolved UE-to-Network relay, which may lead to potential impacts on the relay discovery and connection setup procedure for existing Rel-13 UE-to-Network relay operations over LTE sidelink, the related objectives are shown as follows :
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].
RAN 1 discussed the Communication and UE-to-Network relaying aspects during RAN1 #88bis [2].  The following agreements for UE-to-Network relaying were achieved:
Agreement
· Continue analysis of unidirectional UL and bidirectional relaying modes and identify commonality from physical layer perspective
Agreement
· The following enhancements for sidelink unicast communication are studied further: 
· eNB controlled resource allocation and configuration for communication between Relay and Remote UE
· eNB decision on resource allocation is relayed to Remote UE by Relay UE
· Relay UE assisted resource allocation and configuration under eNB control
· Remote UE assisted resource allocation 
Agreement
· No new sidelink physical channel to be introduced solely to provide feedback
· Piggyback in existing channels is not precluded
· Study the following feedback information to be exchanged between the receiving and transmitting UEs for sidelink link adaptation
· Decoding status, taking into account the impacts on complexity and Remote UE power consumption
· Adaptation of MCS, number of (re)transmissions and resource for transmission
· FFS on sidelink CSI feedback
· SL measurements e.g. SL-RSSI/RSRP/RSRQ. FFS on details.
Agreement
· Three sidelink resource configuration options are further analysed

· TDM between PSCCH / PSSCH from UE and system perspective (Similar to R12)

· FDM between PSCCH / PSSCH from UE and system perspective (Similar to R14)

· FDM between PSCCH / PSSCH from system perspective but TDM from UE perspective
In RAN1 #89 [3], UE-to-Network relaying related agreements in this study item are shown in the following:
Agreement

· At least TDM multiplexing between PSCCH and PSSCH is supported from both the Relay and Remote UE transmission perspective.
Agreement

· eNB can schedule sidelink transmission resource for Remote and Relay UE transmission by sending sidelink grant
· Relay UE can forward sidelink grant generated by eNB to Remote UE
Agreement

· Relay UE can control sidelink radio-resources used for transmission and reception by Remote UEs within sidelink resource pools which are configured by eNB
· FFS control signaling details

Agreement

· Sidelink SPS is studied in RAN1, and following enhancements are considered:
· eNB schedules sidelink SPS via relay UE forwarding for the remote UE linked with the relay UE.

· eNB schedules sidelink SPS for the remote UE linked with the relay UE.

· Relay UE schedules sidelink SPS for the remote UE linked with the relay UE.

Agreement

· For Relay UE assisted resource allocation, the following control signaling options are considered
· SCI

· Higher layer signaling (e.g. MAC CE)
· Companies are encouraged to provide more details on control signaling enhancements at RAN1#90
According to the above agreement and conclusion in agreements in RAN #73, RAN1 #88bis and RAN1 #89, we will focus on the discussion for some potential issues as well as RAN1 impacts for the relay connection and selection setup, communication procedures to UE-to-Network relay, and relay-assisted eNB resource allocation over LTE sidelink in this contribution.
2. Discussion 
Both R12/R13 D2D communication and R14 V2V communication are typical broadcast based communications. They focus on the public safety use cases or safety related use cases. However, the scope of study item was included FeD2D technology for wearable devices and IoT, hence the unicast communication and commercial use-case supporting low energy devices should be discussed. The UE-to-Network Relay is a very important physical layer enhancement issue in the FeD2D SID.  Considering the massive UEs transmit data on PC5 and Uu interface, we discuss the sidelink relay selection, sidelink measurement and relay assisted eNB resource allocation issues for efficient and reliable communication. In this section, we discuss several physical layer design aspects for sidelink UE-to-Network Relay.
2.1 Sidelink UE-to-Network relay selection/re-selection
In RAN1 # 88bis, the agreements include two UE-to-Network relaying modes: bidirectional mode and unidirectional mode, as illustrated in Figure 1. In bidirectional relaying mode, the relay UE forwards the DL & UL traffics from eNB to UE and UE to eNB. It is a more general option that can be also applied in partial coverage scenarios and out-of-coverage. The unidirectional relaying architecture a UE will receive using downlink directly from the eNB but will transmit on the uplink using a relay. Either bidirectional relaying mode or unidirectional relay mode should be discussed the relay selection procedure.  

Proposal 1: The relay selection procedure should be discussed in either bidirectional relaying mode or unidirectional relay mode for wearable & IoT use case. 
The end-to-end eNB to remote UE link performance depends on the performance of both hops:

• The Uu link (eNB to relay UE)

• The PC5 link (relay UE to remote UE)

Balanced link quality for both Uu link and PC5 link is expected, as a result, both links should be included in the metrics used for relay selection.
Proposal 2: The relay selection procedure should include the link quality for both Uu link and PC5 link, how to include link quality for both Uu link and PC5 link should be FFS. 
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Figure 1: bidirectional relaying mode and unidirectional relay mode
In Rel-13 Enhanced D2D during RAN2#89bis and RAN2#90, with respect to UE-NW Relays following agreements were achieved:

· For the relay discovery and relay selection both in-coverage and out-of-coverage scenarios remote UEs can be addressed. 
· The remote UE can take radio level measurements of the PC5 radio link quality. 

· For out-of-coverage, the radio level measurements can be used by the remote UE together other higher layer criteria to perform relay selection.
· UE relay reselection is supported.  

Hence, some agreements in Rel-13 Enhanced D2D can be reused in the FeD2D SID, and relay selection/re-selection can be decided by a remote UE in the FeD2D SID, as shown in the following figure.
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Figure 2: An illustration of relay selection/re-selection by a remote UE

Besides, the maximal number of remote UEs per relay UE has been agreed in FeD2D SID, as shown in the following agreement:
Agreement
· For evaluations in Scenario 1 use the following parameters:
· Number of Relay UEs: N = 10;
· Number of Remote UEs: M = 1, 2, 8; 4 is optional
· Min and max distances between UEs: D1 = 0, D2 = 15 m.
· For Scenario 2:
· N = 20. Optional: N = 40.
· M = 70. Other values can be considered optionally.
· D1 and D2 are not applied.
· All Relay UEs are dropped uniformly outdoor.
Hence, the maximal number of remote UEs per relay UE should be considered in relay selection and re-selection. Especially, in all thoese cases that remote UEs located in the overlapped area among the coverages of neighboring relay UEs, it can make remote UEs uniformly distributed among relay UEs and hence improve the system throughput.
Proposal 3: The maximal number of remote UEs per relay UE should be considered in relay selection and re-selection. 
2.2 Sidelink measurement for UE-to-Network Relay
Regarding the relay selection criteria, we assume that sidelink measurement would be the one of baselines. The UE-to-Network Relay could depends on sidelink  measurements and link quality assessments such as S-RSRP 、S-RSSI, S-RSRQ, and distance based on geo-location for relay selection.  In this section, we discuss that the terminals (remote UE, relay UE) can measure cellular and SL-RSRP 、SL-RSSI and SL-RSRQ on radio signals that they receive. These measurements can be used in relay selection/reselection, link adaptation, and determine what service and resources can be supported in UE-to-Network Relay.
· SL-RSRP: Reference Signals Received Power is a measurement of the received power level in an LTE cell network. The average power is measurement of the power received from a single reference signal.  The sidelink resources of SL-RSRP would be DM-RS in either physical sidelink discovery channel or DMRS in physical broadcast channel. 

· SL-RSRQ: RSRP is the average power of resource elements (RE) that carry cell specific reference signals (RS) over the entire bandwidth, so RSRP is the linear average of the downlink reference signals across the channel bandwidth. Similar to the legacy approach for RSRQ calculation using RSSI and RSRQ, the S-RSRQ can also be calculated using SL-RSRP and SL-RSSI. In a S-RSSI estimation, the D2D receiver wishes to measure useful signal plus interference for the channel of interest. S-RSSI can be measured on a set of resources that are preconfigured in the device, e.g., the pool of resources for PSCCH and PSSCH. 
· Distance based on geo-location: Geo-location information in each UE is agreed by RAN2. Hence, geo-location can be used to calculate the distance between remote UE and each neighboring relay UE. The distance also can be used in measurement report.
Observation 1:  Either bidirectional relaying mode or unidirectional relay mode, the Relay UE is able to obtain the link quality for Uu and PC5. The Relay UE should report the measurement report to eNB.
Proposal 4: The Relay needs to obtain the SL-measurement result and Uu-measurement report, and then report to eNB.  The detail of SL-measurement result and Uu-measurement report should be FFS. 
2.3 Relay-assisted eNB resource allocation
Legacy D2D systems have already specified eNB scheduling based resource allocation and UE autonomously selection based resource allocation, which are used for in coverage use and out-of-coverage use respectively. However when considering UE to network relaying scenario, a relay UE is close to linked remote UEs and it usually serves multiple remote UEs. How to coordinate the resource allocation between relay UE and multiple remote UE is a main issue in UE-to-Network Relay. Relay UE can collect the information, e.g. the number & radio resource request of active link for the associated connected remote UEs, and the assisted information can be reported to eNB that can help to improve spectrum efficiency and reduce complexity of signaling procedure.

If the relay UE allow to report eNB, the eNB can base on the report from relay UE to control resource allocation and configuration for communication between Relay and Remote UE. Hence, relay UE assisted resource allocation can base on the measurement report from relay UE. And the resource allocation can be scheduled by eNB or scheduled by both eNB and relay UE for sidelink semi-persistent scheduling (SPS) support 
Observation 2: Some assisted information, e.g. the number & radio resource request of active links, provided by relay UE can be used for sidelink SPS support to improve spectrum efficiency and reduce complexity of signaling procedure.
Observation 3: For sidelink SPS support, the resource allocation can be scheduled by eNB or scheduled by both eNB and relay UE.
Proposal 5: The eNB controlled resource allocation and configuration for measurement report from relay UE. The detail of resource allocation should be FFS.
3. Conclusions
We provide the observation and proposals for some potential issues as well as RAN1 impacts for the relay connection and selection setup, communication procedures to UE-to-Network relay, and relay-assisted eNB resource allocation over LTE sidelink in this contribution, which are:
Observation 1:  Either bidirectional relaying mode or unidirectional relay mode, the Relay UE is able to obtain the link quality for Uu and PC5. The Relay UE should report the measurement report to eNB.
Observation 2: Some assisted information, e.g. the number & radio resource request of active links, provided by relay UE can be used for sidelink SPS support to improve spectrum efficiency and reduce complexity of signaling procedure.
Observation 3: For sidelink SPS support, the resource allocation can be scheduled by eNB or scheduled by both eNB and relay UE.
Proposal 1: The relay selection procedure should be discussed in either bidirectional relaying mode or unidirectional relay mode for wearable & IoT use case. 
Proposal 2: The relay selection procedure should include the link quality for both Uu link and PC5 link, how to include link quality for both Uu link and PC5 link should be FFS. 
Proposal 3: The maximal number of remote UEs per relay UE should be considered in relay selection and re-selection. 

Proposal 4: The Relay needs to obtain the SL-measurement result and Uu-measurement report, and then report to eNB.  The detail of SL-measurement result and Uu-measurement report should be FFS.
Proposal 5: The eNB controlled resource allocation and configuration for measurement report from Relay UE. The detail of resource allocation should be FFS.
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