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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 RAN WG1 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].


At the previous RAN1#88 meeting, we provided general considerations on sidelink design enhancements for wearable and IoT use cases that were summarized in [2]. In this contribution, we focus on sidelink synchronization aspects, while our design considerations on enhancements for sidelink discovery and communication targeting wearable and IoT use cases are provided in our companion contributions [3]-[7].
2 Discussion on Sidelink Synchronization Enhancements

The synchronous sidelink discovery and communication can operate in partial network coverage, within or outside network coverage scenarios, thanks to sidelink synchronization procedure that defines UE synchronization and transmission behavior in different scenarios. Currently, all devices follow common sidelink synchronization procedure, which prioritizes eNB as a synchronization reference for all in-coverage UEs. For wearable/IoT use cases, the existing sidelink synchronization procedure and signals may need to be revised.

2.1 Physical Structure of Sidelink Synchronization Signals/Channels
The physical structure of sidelink synchronization signals (PSSS/SSSS) and channels (PSBCH) occupy frequency bandwidth of 6 PRBs, which excludes possibility to synchronize over sidelink for bandwidth limited devices (e.g. NB-IoT type of devices). In this case, the NB-IoT devices may be either limited to eNB based synchronization only or sidelink based synchronization signals/channels need to be modified.
Observation 1
· The new SLSS and PSBCH design may be needed to support bandwidth limited low complexity UEs with maximum bandwidth equal to 1 PRB.

Proposal 1
· Study sidelink synchronization signals and PSBCH channel for bandwidth limited low complexity UEs with maximum bandwidth equal to 1 PRB.
2.2 Synchronization Procedure

Synchronization in time and frequency is a first step that UEs need to perform before actual transmission. An UE is expected to scan for synchronization sources before transmission of any sidelink or uplink signal. The initial synchronization process is rather time and energy consuming, especially for narrow band terminals that may need to scan multiple frequencies to detect synchronization reference even inside of the system bandwidth. Therefore additional synchronization enhancements may be considered to improve initial synchronization for devices operating with narrow bandwidth.
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Figure 1: Scanning for sync signal.

Another consideration, is whether NB-IoT and eMTC devices should serve as a sidelink synchronization references. There are at least two reasons to avoid transmission of SLSS/PSBCH signals by such devices: 1) increased UE power consumption; 2) downgraded synchronization accuracy (narrow band signals and low cost oscillators).
Proposal 2
· Bandwidth limited low complexity UEs do not transmit sidelink synchronization signals and channels.
2.3 Synchronization Assistance

For initial acquisition, it may be natural to monitor eNB synchronization signals and use it as a reference to trigger initial transmission since all terminals already support this functionality. However, when initial timing and communication with assisting cellular terminal (Relay UE) are established, it can be beneficial to utilize assisting UE as a reference, especially for wearable use cases. This mode of operation may be especially beneficial for wearable UEs with single RX chain in case of paired FDD spectrum and bidirectional communication mode, since UE (Remote UE) may keep its RX chain tuned to the sidelink channel of assisting UE. In addition, instead of monitoring multiple eNB references in a background mode, it may be easier to rely on sync assistance information shared by assisting cellular UE, which anyway is expected to perform cell-selection and reselection procedures and RRM measurements. Therefore, this paired mobility mode may be defined to significantly reduce power consumption of Remote UE (wearable/MTC terminal). In addition, it can help to avoid situations, when Relay and Remote UEs switch to different synchronization sources independently following legacy sidelink synchronization procedure.
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Figure 2: Synchronization Assistance.
Proposal 3
· In-coverage Relay UE can serve as a synchronization source for in-coverage Remote UEs.
· FFS details of sidelink synchronization procedure and signals.
Given that bandwidth limited low complexity UEs typically operate within a predefined and localized part of frequency bandwidth the transmission of SLSS signal by Relay UE in the central part of frequency bandwidth will force low complexity UEs to retune RF chains to the part of spectrum where legacy SLSS signals are transmitted by sidelink synchronization sources. This behaviour is not reasonable when Remote UE is attached to serving Relay UE and may cause additional unnecessary interruption time to retune RF chains. Instead, Relay UE can provide synchronization signals in the part of the spectrum where Remote UE is assigned to communicate with Relay UE.

Proposal 4
· Relay UEs can transmit sidelink synchronization signals in the portion of spectrum assigned for communication with bandwidth limited low complexity UEs.

3 Summary on Sidelink Synchronization

For sidelink synchronization, the eNB can be used as a synchronization reference, however, for bandwidth limited devices with low complexity and limited number of RX chains, it could be beneficial to follow synchronization of assisting cellular terminal, propagating eNB timing. In this case, assisting device which is in proximity of remote UE, can play the role of synchronization donor (sidelink radio head) and perform all necessary cell selection/reselection and synchronization functions instead of target in-coverage Remote UE. In this case, Remote UE if it keeps synchronization with Relay UE does not need to run complicated sidelink synchronization procedure in a background mode and perform other cell monitoring and handover procedures.
The sidelink synchronization procedure for Cat N1 type of devices needs to be reconsidered including physical structure of SL synchronization signals and structure occupying 6 PRBs in a legacy system.
Proposals
· Study sidelink synchronization signals and PSBCH channel for bandwidth limited low complexity UEs with maximum bandwidth equal to 1 PRB.
· Bandwidth limited low complexity UEs do not transmit sidelink synchronization signals and channels.
· In-coverage Relay UE can serve as a synchronization source for in-coverage Remote UEs.

· FFS details of sidelink synchronization procedure and signals.

· Relay UEs can transmit sidelink synchronization signals in the portion of spectrum assigned for communication with bandwidth limited low complexity UEs.
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