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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]:

a) Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focussing 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].
In this paper, we present our general 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 (unidirectional or bidirectional) data transmissions between low cost devices and the network could be relayed by L2 ProSe UE-to-NW relay for energy consumption reduction and/or QoS support. The LTE sidelink shall be enhanced to enable this usage. This paper focuses on the potential sidelink enhancements in physical layer. In the following, the low cost device and UE-to-NW relay involved in the L2 data traffic relaying are called evolved remote UE and evolved relay UE, respectively, to differentiate those in Rel-13 sidelink. The evolved 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.
Sidelink transmission of relayed traffic with QoS support
In the SI, the evolved remote UE is assumed to support various services including VoIP, streaming services, instant messages, MTC data and so on, some of which may have stringent requirement in QoS in latency and/or reliability. The effective QoS support for the relayed traffic over PC5 interface may be the biggest challenge in the study item.
In LTE Rel-12/13 sidelink, ProSe Per-Packet Priority (PPPP) mechanism is specified to provide support for different packet priorities where the priorities are associated with different resource pools and they are taken into account in resource pool configuration and/or resource scheduling/selection. However, the PPPP mechanism may not be sufficient to provide QoS over PC5 to the level similar to Uu, which motivates the potential enhancements for the sidelink in physical layer. 
The sidelink transmission between the evolved remote UE and the evolved relay UE can utilize direct communication PSCCH/PSDCH in sidelink mode-1/2 (defined in Rel-12/13) or sidelink mode-3/4 (defined in Rel-14 for V2X). In sidelink mode-1, eNB schedules resources for D2D communications with dynamic signaling, where collision avoidance and latency reduction are achieved at cost of signaling overhead. In sidelink mode-3, some new designs and mechanisms are introduced to reduce signaling overhead, e.g. the SPS eNB scheduling tailored to the V2X service characteristics, which may be reused for the sidelink transmission for relaying of traffic with certain properties. While in sidelink mode-2, a UE employs random resource selection, in sidelink mode-4, a UE employs semi-persistent transmission with sensing/resource reservation. Since the evolved remote UE has low energy consumption requirement, sensing based mode-4 is not suitable for the sidelink transmission for traffic relaying. The sidelink transmission between the evolved remote UE and the evolved relay UE should be based on sidelink mode-1/2, and some features of sidelink mode-3/4 which are suitable for traffic relaying can be reused.
The sidelink transmission in any existing mode is broadcasting in physical layer without any feedback in essence. The lack of link adaptation and ACK feedback imposes challenges on effective QoS control over PC5 interface. Whether to and how to introduce link adaptation and ACK feedback into PC5 interface needs to be discussed and evaluated in RAN1.
Proposal 1: the sidelink transmission between the evolved remote UE and the evolved relay UE should be based on sidelink mode-1/2 (Rel-12/13). Some features of sidelink mode-3/4 (Rel-14) which are suitable for traffic relaying can be reused.
Proposal 2: RAN1 should study and evaluate whether to and how to introduce link adaptation and ACK feedback into PC5 interface.
Considerations on cost/complexity/energy reduction 
In Rel-12/13, the sidelink communication focused on public safety use cases and Rel-14 sidelink focused on V2X use cases. No special concern was given on the cost and power efficiency, which however are a major concern for the wearable and IoT devices. Thus, it is necessary to investigate the enhancements of existing sidelink designs to support low cost/energy operations of IoT and wearable devices. In the following, several means are provided for the potential PC5 enhancements for low cost/energy. 
In Rel-12/13, sidelink communications with blind four (re)transmission is used for link quality and coverage. However, for low cost wearables and IoT devices they are generally in close proximity to the user’s smartphone and the large ProSe coverage may not be needed. In this case, the number of blind retransmissions of a MAC packet could be reduced.
In the existing sidelink communications, the sidelink transmission power is desirably set to a relative large value for a large coverage. 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. Actually, 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. In this case, the in-band interference to eNB may no longer be a serious problem. The sidelink transmit power should be set based on the link quality between the evolved remote UE and the evolved relay UE. 
Proposal 3: sidelink enhancements for low cost/energy especially for evolved remote UE shall be studied, e.g. the reduction of retransmission number, transmit power control/setting.  
Discovery of evolved relay UEs

A prerequisite of data relaying by the evolved relay UE between the evolved remote UE and the network is that the evolved relay UE is discovered and/or configured for the evolved remote UE. In LTE Rel-13 sidelink, the relay discovery message is transmitted through the direct discovery channel PSDCH with fixed message size of 232 bits occupying 2 PRBs per subframe with configurable number of (re)transmissions. In principle, the relay discovery message could be transmitted in model-A (direct announcing by relay UE) or model-B (solicited by remote UE and responded by relay UE) which is actually transparent to the access stratum. The evolved relay UE is selected and configured based on the measurement metric of PC5 RSRP. 

In the study of FeD2D, the potential difference in relay UE discovery may come from the more stringent requirements in low cost/energy (especially for evolved remote UE) and support of QoS for the relayed traffic session. To this end, the need for enhancing relay discovery and the potential enhancements (e.g., configured dedicated relay discovery pools, optimized use of model-A/B, efficient usage of geographical location information etc.) could be discussed and evaluated. 

Proposal 4: the need for enhancing relay UE discovery for low cost/energy and QoS support is discussed in RAN1.
3 Conclusions

In this contribution, we present the overall views on the potential LTE sidelink physical layer enhancements to enable low cost/energy device traffic relayed by evolved relay UE subject to QoS. The following proposals and observations are provided

Proposal 1: the sidelink transmission between the evolved remote UE and the evolved relay UE should be based on sidelink mode-1/2 (Rel-12/13). Some features of sidelink mode-3/4 (Rel-14) which are suitable for traffic relaying can be reused.

Proposal 2: RAN1 should study and evaluate whether to and how to introduce link adaptation and ACK feedback into PC5 interface.
Proposal 3: sidelink enhancements for low cost/energy especially for evolved remote UE shall be studied, e.g. the reduction of retransmission number, transmit power control/setting.  
Proposal 4: the need for enhancing relay UE discovery for low cost/energy and QoS support is discussed in RAN1.
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