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1 Introduction

At the RAN1#88bis, the sidelink synchronization enhancements for wearable and IoT use cases were discussed within framework of the study item on “Further enhanced Device-to-Device communication for wearable IoT and Relays” [1]:

	Agreement
· Evolved UE-to-NW Relay UEs support all DL/UL/SL system bandwidth capabilities (i.e. system BW from 1.4MHz and above is supported)

· BW limitations are supported for Remote UEs

· RAN1 focuses on UEs that can transmit and receive in at least 6 PRBs at the upcoming meetings (till RAN1#89).

· RAN1 can study whether 1 PRB BW limitation can be supported by reusing solutions similar to the ones defined for 6 PRB case at least for physical layer design

Agreement
· Two types of Remote UEs are considered
· Type 1 – UEs that have DL and SL reception capabilities 

· Type 2 – UEs that do not have SL reception capabilities

· Low complexity Remote UEs can have single RX chain 

· In unidirectional relaying case, the chain can be fixed to DL or FFS switched to SL for discovery

· In bidirectional relaying case, the receiver chain may be switched between DL and SL for discovery and communication

· In-coverage Relay UE can serve as a synchronization source for in-coverage Remote UE


In this contribution, we continue discussion on sidelink synchronization enhancements, while our considerations on sidelink enhancements for discovery and communication for wearable and IoT use cases are provided in our companion contributions [5]-[9]. The analysis of performance benefits from the considered sidelink enhancements is presented in [2]-[4].
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 the sidelink synchronization procedure that defines UE synchronization and transmission behavior in different scenarios. Since Rel.12, 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 in order to optimize UE power consumption especially under assumptions of single RX chain at eRemote UEs, which was reflected in the fact that in-coverage eRelay UE can serve as a synchronization source for in-coverage eRemote UE.

2.1 Initial Synchronization Procedure

Synchronization in time and frequency is a first step that UEs need to perform before actual sidelink transmission. A UE is expected to scan for synchronization sources before transmission of any sidelink or uplink signal. The frequent initial synchronization process is time and energy consuming since terminals need to scan multiple frequencies to detect a synchronization reference inside of the system bandwidth. This process is especially power consuming for coverage limited or out-of-coverage UEs that can continue trying to acquire synchronization on cellular link. Note that a UE is supposed to scan with 100 kHz channel raster to find network and acquire synchronization. 
The initial synchronization behavior may be simplified on sidelink carriers, where eRemote UE can be preconfigured with a set of synchronization resources in frequency to monitor for SLSS transmission (i.e. predefined frequency channels for sidelink synchronization) in order to reduce complexity of initial synchronization on pre-configured sidelink carriers. In this case, the long initial acquisition time and high power consumption can be reduced if nearby eRelay UEs broadcast SLSS signals used by out of network coverage UEs or UEs in enhanced coverage mode. The drawback of this approach is that power consumption burden in this case shifts to eRelay UE.
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Figure 1: Simplified scanning for synchronization signal on sidelink carriers.

Observation 1
· Coverage limited eRemote UEs may have long acquisition time causing increased power consumption each time eRemote UE acquires synchronization.

· Power consumption of coverage limited eRemote UEs can be reduced, if eRemote UEs synchronize to eRelay UE.

Proposal 1
· Further study mechanisms that can be used to reduce power consumption of synchronization process for eRemote UEs in enhanced coverage mode or out-of-coverage scenarios.

2.2 Power Consumption of eRemote UEs

Another consideration, is whether bandwidth limited eRemote UEs should serve as sidelink synchronization sources. In order to reduce power consumption of eRemote UEs, it is desirable to avoid transmission of SLSS/PSBCH signals.
Whether eRemote UEs transmit SLSS or not may need to be separately discussed with respect to sidelink communication and discovery. In our view, at least for communication with eRelay UEs, eRemote UEs do not need to transmit SLSS and PSBCH to benefit from eRemote UE power consumption. For discovery, the benefits of SLSS transmission by eRemote UE are also not obvious.
If eRemote UE is synchronized to one of the sidelink synchronization sources (e.g. in-coverage eRelay UE or eNB) and uses it as a reference for sidelink transmissions, then benefits of additional SLSS/PSBCH transmissions are not clear, given that candidate eRelay UEs are synchronized to network. If eRemote UE is not synchronized to any of sidelink synchronization sources, then in order to facilitate synchronization by potential discoverer (e.g. eRelay UE) it may be beneficial to transmit SLSS/PSBCH by eRemote UE. However, if out of coverage eRemote UEs transmit SLSS, then eRelay UEs may need to track multiple asynchronous timings in order to discover eRemote UEs. This may negatively affect eRelay UE complexity and power consumption.
Proposal 2
· For sidelink communication, eRemote UEs do not transmit SLSS / PSBCH.
· For sidelink discovery, further study whether transmission of SLSS/PSBCH by eRemote UEs can be beneficial in certain scenarios.
2.3 Synchronization Resource Allocation

For sidelink synchronization in R12/R13, the transmission of SLSS/PSBCH is fixed to the central part of sidelink carrier bandwidth. For BL UEs such SLSS transmission format may cause channel switching within sidelink frequency carrier. Given that BL UEs have bandwidth restrictions, it will require frequent retuning of RF chain to the central part of the spectrum to monitor SLSS transmissions and keep synchronization, resulting in additional power consumption at eRemote UE side, as well as unnecessary system overhead due to retuning gaps. Although the retuning within a carrier may take a few symbols it may require definition of new physical structure. In order to avoid this, eRelay UE can multiplex SLSS/PSBCH transmissions in frequency and provide synchronization signals in the part of the spectrum where eRelay UEs communicate with eRemote UEs. For instance in case if localized resource allocation is supported, it can be beneficial to provide UE-specific SLSS signal in the frequency region where communication happens.
Proposal 3
· Further study benefits of SLSS / PSBCH transmission on multiple frequency channels within sidelink system bandwidth.
2.4 Synchronization Assistance

At the previous RAN1 WG meeting, it was agreed that in-coverage eRelay UE can serve as a synchronization reference for in-coverage eRemote UE(s). This mode of operation may be especially beneficial for wearable eRemote UEs with single RX chain in case of paired FDD spectrum and bidirectional communication mode, since eRemote UE may keep its RX chain tuned to the sidelink channel of assisting eRelay 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 the 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 eRemote UE (wearable/MTC terminal). In addition, it can help to avoid situations, when eRelay and eRemote UEs switch to different synchronization sources independently following legacy sidelink synchronization procedure. Then eRelay changes cell (synchronization reference) it may communicate this information to eRemote UE. In addition, eRelay UE can forward information about neighbor cells and sidelink resource configuration to eRemote UE(s). eRemote UE(s) can use this information to either switch back to the cellular communication link (i.e. eNB) or reconfigure parameters for sidelink communication.
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Figure 2: Synchronization Assistance.
Proposal 4
· In-coverage eRelay UE provides synchronization assistance information to eRemote UE(s)
· FFS synchronization assistance information forwarded by eRelay UE to eRemote UE(s), including neighbor cell information, ID of reference cell, sidelink SIBs, etc.
2.5 Physical Structure of SLSS/PSBCH

One of the important eRemote UEs classes for wearable and IoT use cases are NB-IoT UEs, which processing bandwidth is limited to 1 PRB. The current physical structure of SLSS (PSSS/SSSS) and PSBCH occupy 6 PRBs of frequency bandwidth, which excludes possibility to synchronize over sidelink for BL devices (e.g. Cat NB1). If no changes are introduced, then BL UEs (with one PRB bandwidth limitations) may be constrained to eNB based synchronization only. Otherwise, new physical structure for sidelink synchronization signals/channels need to be defined.

Observation 2
· New SLSS / PSBCH physical structure is needed to support BL UEs with maximum processing BW equal to 1 PRB.

Proposal 5
· Define SLSS / PSBCH physical structure for BL UEs with maximum processing signal BW equal to 1 PRB.

3 Summary on Sidelink Synchronization

In this contribution, we provided our views on sidelink synchronization enhancements for wearable and IoT use cases. We observe that for BL eRemote UEs with single RX chain, it is beneficial to follow synchronization of eRelay UE, propagating eNB timing. In this case, eRelay UE, can perform cell selection/reselection and synchronization functions and signal synchronization assistance and system information to eRemote UE(s).
In order to simplify eRemote UE sidelink synchronization, multiple frequency channels for synchronization of BL eRemote UE synchronization can be further considered, so that eRelay UE(s) can transmit SLSS/PSBCH through multiple frequency channels in sidelink communication resources to provide retuning free operation of eRemote UEs served on different frequency channels. In addition, for BL UEs with 1 PRB signal processing bandwidth, the new SLSS / PSBCH physical structure should be defined.
Based on the presented analysis we have the following set of proposals:

Proposal 1

· Further study mechanisms that can be used to reduce power consumption of synchronization process for eRemote UEs in enhanced coverage mode or out-of-coverage scenarios.
Proposal 2

· For sidelink communication, eRemote UEs do not transmit SLSS / PSBCH.

· For sidelink discovery, further study whether transmission of SLSS/PSBCH by eRemote UEs can be beneficial in certain scenarios.
Proposal 3

· Further study benefits of SLSS / PSBCH transmission on multiple frequency channels within sidelink system bandwidth.
Proposal 4

· In-coverage eRelay UE provides synchronization assistance information to eRemote UE(s)

· FFS synchronization assistance information forwarded by eRelay UE to eRemote UE(s), including neighbor cell information, ID of reference cell, sidelink SIBs, etc.

Proposal 5

· Define SLSS / PSBCH physical structure for BL UEs with maximum processing signal BW equal to 1 PRB.
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