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1 Introduction

In RAN#71, the SI named “Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables” was agreed with the objectives of enhancement for the UE-to-NW relaying functionalities and LTE sidelink to enable low complexity/cost/energy IoT and wearables with QoS. From RAN1 perspective, the following objectives are identified [1]:

b) Identify mechanisms to enable QoS, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].
In this paper, we present our views on the potential LTE sidelink enhancements in physical layer to enable FeD2D-aided IoT and wearables with low complexity/cost/energy and QoS support. 
2 Potential enhancements of LTE sidelink
As described in [1], this SI mainly targets the scenario where LTE sidelink technology is used to aid the connection between low cost devices and the network. In particular, the data transmissions between low cost devices and the network could be relayed by L2 ProSe UE-to-NW relay for energy consumption reduction. The LTE sidelink shall be enhanced to enable this usage. This paper focuses on the potential sidelink enhancements in physical layer. A relay UE could be seen as a kind of gateway device as well especially considering the scenario of relaying the data from multiple wearable devices, as illustrated in the following figure.
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Fig. 1 Relay communication 

2.1 Sidelink power control
In the existing sidelink communications, the sidelink transmission power is desirably set to a relative large value for a large coverage especially for public safety service. In network coverage, to control the in-band interference to cellular transmission, the sidelink transmission power is generally controlled with open-loop power control mechanism where the farther from eNB the device is, the larger sidelink transmit power it would use. However, in the use case of low cost IoT and wearables, a rather low sidelink transmit power may be enough considering the usage pattern with proximity to the user’s smartphone. The sidelink transmit power should be set mainly based on the link quality between the remote UE and the relay UE.  
For the remote UEs that detect sidelink discovery message (e.g., CRC check is successful), they generally measure the sidelink quality by measuring SD-RSRP based on the received DMRS. Furthermore, the remote UEs decode the discovery message and acquire the transmit power information. Based on these information, the remote UE could estimate the path loss value over the sidelink. As a usual operation, a UE also makes measurement and estimation for the path loss to the serving eNB. Then the UE can perform the open-loop power control (OLPC), which mainly considers the sidelink path loss to get appropriate receive power at sidelink receiver i.e., to avoid too high/low transmit power. The power control operation also considers the path loss to the serving eNB to suppress the potential inband interference to serving cell especially when the UE is near the eNB.
When a remote UE is close to its linked relay UE, it could approximate the relay UE’s path loss (to the serving eNB) as its own path loss value and use it in its power control. Thus, the remote UE could skip the operation of measurement/estimation of the path loss to the serving eNB and its power consumption could be further reduced. 
Proposal 1: The sidelink transmit power should be set mainly based on the path loss between a relay UE and linked remote UE.  
2.2 Sidelink resource allocation 
The sidelink transmission between a relay UE and linked remote UEs should be based on sidelink mode-1/2 (Rel-12/13). Some features of sidelink mode-3/4 (specified in Rel-14 for V2X service) which are suitable for traffic relaying can be reused.
Resource allocation enhancement at relay UE 
As specified in Rel-12/13, in sidelink mode-1, the eNB schedules resources for D2D communications with direct dynamic signaling, where collision avoidance is achieved at the cost of signaling overhead. On the contrary, in sidelink mode-2, a UE employs autonomous resource selection, where collision avoidance and resolution of half-duplex constraint rely on randomization of transmission sub-frames and frequency hopping. 

In the use case of low cost IoT and wearables, a relay UE is close to linked remote UEs and it usually serves multiple remote UEs. It is advantageous that a relay UE has certain functionalities to either perform resource selection for linked remote UEs directly or to assist better resource selection at those UEs. Relay communication at PC5 interface has two directions: UL (uplink) and DL (downlink). For sidelink DL, a relay UE transmits packets to remote UEs. For sidelink UL, remote UEs transmit packets to a relay UE.  Remote UEs can send their buffer status report to the relay UE and then the relay UE can perform resource selection for linked remote UEs directly. Or the relay UE provides certain information to remote UEs to assist better resource selection at those UEs, which can more effectively resolve half duplex constraint. 
To reduce communication latency, concurrent transmissions from a relay to multiple remote UEs and vice versa (multiple remote UEs to a relay) within an SA (scheduling assignment) period should be supported.  For sidelink DL, in an SA period, the relay UE can select the same set of sub-frames for transmissions to multiple remote UEs. The transmissions to remote UEs occupy adjacent frequency resources (PRBs) to maintain single carrier property of SC-FDMA.  For sidelink UL, if power control is employed at each remote UE, in an SA period, these remote UEs connected with the same relay can select the same set of sub-frames for transmissions. They need to occupy different frequency resources (PRBs) to avoid collisions. The above mechanisms could benefit overall system level performance of D2D communications by leaving more sub-frames in a resource pool for use. 
Proposal 2: Resource allocation functionalities of relay UEs should be enhanced so that a relay UE can either perform resource selection for linked remote UEs directly or assist better resource selection at those UEs. 
Proposal 3: Parallel transmissions from a relay to multiple remote UEs and vice versa (multiple remote UEs to a relay) within an SA period can use the same set of sub-frames for transmissions to improve overall system level performance. 
eNB scheduled sidelink SPS
It is required in [2] that the relay solution shall support different traffic types including VoIP, streaming services, instant messaging, small data, MTC traffic etc. in an efficient manner. And the relay solution shall allow for various QoS configurations to meet requirements of different services and traffic types. The SPS in sidelink mode-3 (V2X) would fit very well e.g., VoIP services of remote UEs, which make it a good candidate for QoS-related enhancements in UE to Network relaying solution. It should be considered to support sidelink SPS in FeD2D at least from the perspective of QoS satisfaction.

Proposal 4: Consider supporting sidelink SPS in FeD2D.

In sidelink mode-3, the eNB-scheduled sidelink SPS is supported. A DCI for PC5 scrambled by SPS SL-RNTI is sent by the eNB to the transmitter UE to activate the SPS over PC5. The resources for SPS transmission (including SA and data) in time and frequency domain are indicated in the DCI. The transmitter UE periodically transmits SA and associated data accordingly. It can be observed that the SA part is transmitted along with the data part in the SPS transmission over PC5. This is reasonable because the V2X transmission based on PC5 is multicast in essence. New UEs may frequently join the group and cannot successfully decode the data channel if SA is not transmitted. Further, the SA can be used for the collision sensing of V2X UEs. However, for UE-to-Network relaying in FeD2D, the commercial data transmission is usually unicast. And the sensing-related operation is power consuming, which might be not in line with the primary objective of the FeD2D study. If the transmission of SA part can be reduced, some power efficiency gain will be obtained by the transmitter UE.

Regarding the above issues, some enhancements should be considered from the perspective of power efficiency. For example, the grant (e.g, activation, update, release and the corresponding resource allocation) of sidelink SPS can be sent to a relay-remote UE pair, so that both the transmitter UE and the receiver UE can get informed of the sidelink SPS. After the grant of the sidelink SPS is known by both the transmitter UE and the receiver UE, the transmitter UE can transmit data without SA to the receiver UE. Therefore, the transmission of SA part during the SPS transmission can be reduced, which enhances the power efficiency of the transmitter UE. 
Proposal 5: Consider eNB-scheduled sidelink SPS of relay-remote UE pair for evolved UE-to-Network relaying framework. 
Another issue is that the legacy eNB-scheduled sidelink SPS in V2X only supports in-coverage UEs; nevertheless, in FeD2D, the out-of-coverage remote UE can also be in RRC_CONNECTED state, which makes the eNB-scheduled sidelink SPS possible for the out-of-coverage remote UEs.
Furthermore, if both the relay UE and the remote UE are in coverage, the grant of sidelink SPS grant can be sent to both the relay UE and the remote UE via DCI at the same time. If the remote UE is out-of-coverage, the grant of sidelink SPS can be relayed by the relay UE from the eNB to the remote UE. Take the sidelink SPS in downlink transmission from the eNB to the remote UE for example. After receiving the grant of sidelink SPS, the relay UE can relay the grant along with the data to the remote UE during the first SPS transmission, in which both the SA and data exist. And then the relay UE does not transmit SA part during the following SPS transmission.

Proposal 6: Consider studying eNB-scheduled sidelink SPS for out-of-coverage remote UE via relay UE.
3 Conclusions

In this contribution, we present the views on the potential LTE sidelink physical layer enhancements to enable low cost/energy device traffic relayed by relay UEs. The following proposals are provided
Proposal 1: The sidelink transmit power should be set mainly based on the path loss between a relay UE and linked remote UE.  
Proposal 2: Resource allocation functionalities of relay UEs should be enhanced so that a relay UE can either perform resource selection for linked remote UEs directly or assist better resource selection at those UEs. 
Proposal 3: Parallel transmissions from a relay to multiple remote UEs and vice versa (multiple remote UEs to a relay) within an SA period can use the same set of sub-frames for transmissions to improve overall system level performance. 

Proposal 4: Consider supporting sidelink SPS in FeD2D.

Proposal 5: Consider eNB-scheduled sidelink SPS of relay-remote UE pair for evolved UE-to-Network relaying framework. 
Proposal 6: Consider studying eNB-scheduled sidelink SPS for out-of-coverage remote UE via relay UE.
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